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PREFACE TO THE SECOND EDITION. 


Eleven years have passed since the publication of # the first 
edition. During this period enormous progress has been made, 
scientifically as well as practically, in the realm of the volatile 
oils. Numerous investigations have increased and broadened 
our knowledge of the volatile oils. The composition of a con- 
siderable number of volatile oils, heretofore unknown, has been 
revealed. New chemical compounds, the presence of which in 
volatile oils had, previously, not been established, have been found 
therein. The industry has not hesitated to utilize the results of 
these investigations. It has applied them to the methods of 
testing volatile oils and has improved these methods. The distil- 
lation of new volatile oils has greatly added to their number. 
All of these causes, as well as the circumstance that the first 
edition has been exhausted since several years, have induced 
me to begin work on a second edition. 

Inasmuch as the material had grown too voluminous to be 
included within one volume, the book now appears in two volumes. 

The first volume, now completed, contains the historical 
part, including the history of the several oils. This part had 
been written for the first edition by the late Dr. Friedrich Hoff- 
mann. It remains almost unchanged and has received only 
occasional supplements. In addition, the first volume also con- 
tains the description of the principal constituents of the volatile 
oils, as well as the methods of testing them. 

A new chapter has been added on the ‘'Production of flower 
perfumes by extraction, enfleurage and maceration”. During 
the past decade these methods have acquired considerable im- 
portance, more particularly in Southern France. The chapter 
devojpd to the “Theoretical basis for obtaining volatile oils by 
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steam distillation" has been omitted. Being of the greatest 
industrial importance, it was carefully revised and amplified by 
Dr. C. v. Rechenberg, and, inasmuch as other matters, not 
pertaining directly to volatile oils, had to be included in the 
treatise, it became so bulky as to necessitate a separate volume. 
This has already made its appearance under the title: “Theorie 
der Gewinnung und Trennung der atherischen Ole durch 
Destination (Grundziige der allgemeinen Destillationslehre)." 

For their co-operation in the chapter: "The principal con- 
stituents of the volatile oils," which includes the principal arti- 
ficial perfumes, 1 am indebted to Dr. 0. Wiegand, Dr. A. Reclaire, 
Dr. H. Kohler, and Dr. W. Muller. The chapter on "The exa- 
mination of volatile oils" was revised by Dr. 0. Wiegand. All 
of these gentlemen, as well as Dr. F. Rochussen, have assisted 
in reading proof. 

The tables contained in the first edition have been expanded 
and a new one has been added. Using 1,5 g. of oil and a half 
normal potassium hydroxide solution, this table enables the ana- 
lyst to read off directly the ester value, also the percentage of 
ester and alcohol, without any computation. A second copy of 
these tables has been added to the book in such a manner that 
they can be used separately in the laboratory. 

In the second volume, which is to appear later, the indi- 
vidual volatile oils are to be dealt with. 

MILTITZ near Leipzig, July 1910. 


E. GILDEME1STER. 



PREFACE. 


It is only within the last few decades that the former empiric 
manufacture of volatile oils has been placed on a scientific basis, 
which has enabled it to develop into an independent branch of 
chemical industry. During the period of transition in which this 
branch still finds itself, those factories which have done pioneer 
work, both scientifically and technically, as well as those which 
use the oils in various manufactures, are often compelled to 
suffer from the competition of inferior and adulterated products. 
As a matter of fact, the proper understanding of the estimation 
and appreciation of quality and purity of the much used volatile 
oils is not as common as is desirable for industry, commerce 
and the trades. The principal cause for this condition is the 
fact that the recent chemical investigations and their application 
to the arts have not yet been generally offered in suitable form. 

The want of a work which from a modern standpoint treats 
in an exhaustive and critical manner the entire subject of vola- 
tile oils, has induced the firm of Schimmel Co. of Leipzig to 
commission the authors with the preparation of a treatise that 
would meet the present demands. The successful completion 
of this task has been greatly facilitated by having placed at their 
disposal the observation records of many years of manufacturing 
on a large scale. 

Special stress has been laid on the description of properties 
and on tried methods of testing the commercially more impor- 
tant oils. Thus the consumer is placed in a position to distinguish 
pure from adulterated oils, good oils from those of inferior quality. 
Inasmuch as rational methods of examination are dependent on 
a knowledge of the physical properties and chemical composition 
of thl oils, it became necessary to discuss thoroughly the results 
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of the scientific investigations of the subject. Those investi- 
gations, however, that cannot claim permanent value, as well as 
antiquated methods, such as color reactions, etc., have not been 
included. 

Fully realizing the importance of a historical basis for such a 
work, this has received special attention. Detailed references 
to the original sources enable the reader to make further in- 
vestigations in this direction. 

Although the aim and object of this book is primarily of a 
practical nature, the authors venture to hope that it also offers 
to the scientific investigator a complete summary, with numerous 
references to original literature, of everything that has been 
accomplished in this line. 

The authors acknowledge with thanks the co-operation of 
Dr. C. von Rechenberg who wrote the chapter “Theoretical foun : 
dation for the preparation of volatile oils by steam distillation;” 
also of Dr. ). helle who contributed “The more common con- 
stituents of volatile oils;” finally that of Dr. J. Bertram who kindly 
assisted in reading proof and who repeatedly made valuable 
suggestions. 

With regard to the share in the work by the two authors 
whose names appear on the title page: the “Historical intro- 
duction,” also everything that pertains to the history of the 
volatile oils and the raw materials, as well as the description 
of the methods of production of the American products, and in 
part the statements regarding origin and production of the drugs, 
are from the pen of Dr. Friedrich Hoffmann; the entire 
chemical text and those parts not specially enumerated have 
been written by Dr. Eduard Gildemeister. 

Leipzig and Berun, June 1899. 



PREFACE TO THE AMERICAN EDITION. 

In the work of Doctors Gildemeister and Hoffmann we find 
a happy blending of history with chemical science and technology 
that is quite unique in modern chemical literature. Moreover it 
covers a chapter of organic chemistry of which Professor Emil 
Fischer of Berlin recently remarked that it had undergone more 
rapid development within the past fifteen years than any other. 

The translation of such a work should indeed prove of value. 
To make such a translation and to take cognizance of the 
numerous contributions on volatile oils and related subjects that 
have appeared since the original German edition was issued a 
year ago, has proved a severe task for one whose time was 
already divided between instructional duties and editorial labors. 
In judging the English edition, it is hoped that the limitations as 
to time and the difficulties encountered will be taken into con- 
sideration. 

Owing to the impossibility of satisfactorily translating many 
of the numerous quotations in the historical introduction, chapters 
two and three have been condensed. Inasmuch as but very few 
if any readers are in a position to consult the numerous historical 
works quoted by Dr. Hoffmann, all bibliographic information has 
been placed in an appendix. 

To the special part a few oils were added, and changes 
rendered necessary by recent investigations were made as far 
as time permitted. 

The writer desires to acknowledge with thanks his indebted- 
ness to Mr. Carl Fritzsche and to Dr. Hoffmann for suggestions, 
as to the scope of the translation and as to minor details. 
Mr. 0. Schreiner has assisted in the translation and proof reading 
and Dr. C. Kleber of Garfield, N. j., has kindly read one proof. 
His long experience as chemical expert on the subject of volatile 
oils rendered his co-operation especially valuable. 

Madison, Wis., July 1900. 


EDWARD KREMERS. 
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HISTORICAL INTRODUCTION 


Gildemeister, The volatile oils. 




I. THE SPICE-TRADE IN ANTIQUITY AND 
DURING THE MIDDLE AGES. 

(With two maps.) 


Parts of plants as well as natural plant products which have 
been used since antiquity on account of their agreeable odor, their 
pleasant taste, or their medicinal virtue, enter the world's com- 
merce up to the present time in their original form, being either 
previously dried, or prepared in some other expedient manner. 
The essential constituents of these crude materials (drugs), the 
aromatic volatile oils, the resins, gum resins, bitter principles, . 
alkaloids, and glucosides, have been recognized in the course of 
the development of the natural sciences. With the improvements 
in technology they have gradually been prepared in a purer and 
better condition. 

Of these various products of the plant world, the spices and 
aromatics have from the very beginning ministered to the needs 
and welfare of man, and have, therefore, been appreciated by 
him in a special degree. As a result, they have always been a 
prominent and influential factor in the intercourse of nations as 
well as in the world’s commerce. After several thousand years 
of knowledge and actual use of the spices in their original form, 
their essential constituents, the volatile oils, have since the middle 
ages and more particularly in modem times been successfully 
isolated and utilized. 

In a treatise on volatile oils, a brief historical retrospect of 
the origin of and commerce in the bearers of these products, 
viz. the spices and aromatics, may be regarded as eminently 
proper. This all the more, since in this branch of knowledge 
as well as in others the historical element constitutes a valuable 
basis for a proper understanding and investigation. 


1 * 
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Historical introduction. 


All investigation in the realm of the history of civilization, 
that considers not merely a single people but mankind in general, 
and that goes back to the earliest historic documents, invariably 
leads to the wonderful orient so rich in legends -to central Asia, 
the traditional cradle of mankind. This is also true of the history 
of the trade of the oldest peoples, and especially of the source 
and distribution of the useful spices and aromatics. 

Its geographical position and topographical configuration make 
Asia a very highly favored continent. Broad as it is, it extends 
from pole to equator. Favored by mighty mountain chains 
and rivers, its most beautiful and richest countries lie in lati- 
tudes where soil and climate afford all conditions favourable to 
luxuriant subtropical vegetation. The eastern and southern coast- 
lands are cleft by large bays which penetrate far inland. Many 
navigable rivers which flow into these bays have their origin in 
distant highlands. The mainland is bordered by a wreath of 
islands extending from the Japanese island realm through the 
Malay archipelago to Ceylon. These islands abound in tropical 
vegetation. The entire continent, therefore, reveals a diversity 
and richness of plant life such as no other possesses. 

These advantages have made southern Asia and the islands 
bordering on its coast the oldest and principal scene of inter- 
national traffic and commerce, spices and aromatics constituting 
the main articles of exchange. They not only found general use 
on account of their agreeable odor and aromatic taste, but were 
employed by most peoples in religious rites and sacrificial customs, 
and thus acquired symbolic meaning. With the increase of 
prosperity and luxury, also with the development of the sense 
of cleanliness and of physical wellbeing, spices and aromatics 
not only became more valuable, but their consumption increased. 

According to documents discovered in recent years, the 
territory between the Indus and the Oxus was the starting point 
of the early commerce between the oldest peoples of central and 
southern Asia. Attock, Cabura, Bactra, and Maracanda seem to 
have been the first larger centres for storage and exchange of 
oriental products. These consisted of spices and aromatics, the 
noble metals, silk, and jewelry. To Attock were brought the 
products of the eastern Chinese empire, which, at an early date, 
closed its markets to the rest of the world. * 
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From Attack, at the junction of the Kabul river with the 
Indus, the caravan road led via Cabura (the present capital Kabul 
of Afghanistan) to the north via Bactra, Bochara, and Maracanda 
(Samarkand) to the countries of the Oxus and to the Scythian 
tribes. Also from Cabura southward to Kandahar, thence in a 
western direction through the realm of the Parthians to the Pylae 
Caspiae (Caspian gate), and to Ecbatana in Media. Thence the 
land route crossed the Tigris to Babylon on the Euphrates. In 
a later period, after the traffic along the water routes had developed, 
a round-about way via Susa to the mouth of the Tigris was taken 
and the caravan freight shipped up the Euphrates to Babylon. 
Between Attack and the ports on the Black and Mediterranean 
seas, Babylon -existing 3000 years B. C. — was in early anti- 
quity the most important place of traffic and commerce for 
westward bound Chinese and Indian merchandise. To the north- 
ward the caravan roads led out of Babylon through Assyria and 
Armenia to the Black sea (Pontus Euxinus ) and westward 
through Syria to the Mediterranean sea (Mare Internum ), thence 
through Palestine to Egypt. In spite of their highly developed 
industry the Egyptians, as is well known, closed their doors to 
foreign peoples as did the Chinese. As a result commercial 
centres were wanting in Egypt that were open to foreign merchants 
and to transitory commerce. 

During the prime of the Babylonian empire, about 2000 to 
1000 B. C., a lively caravan trade was developed which extended 
from China, India and Arabia to Egypt, Palestine, Syria, and the 
Black sea. 

During this period, Arabia acquired special importance by 
means of the sea traffic of her southern coast, which was favored 
by the Persian gulf and the Red sea. At an early date, the 
Arabian population conducted a lively intermediate trade with 
Indian and Egyptian goods which were brought to the Arabian 
ports. By means of caravans these were carried northward to 
Babylonia, Syria, and other countries. The principal route from 
southwestern Arabia to Babylon, Damascus and Egypt led from 
Cane on the Arabian gulf (Erythraean sea) via Saba, Macoraba, 
Hippos, and Onne to Elath (the present Akabah) at the north- 
eastern end of the Red sea. From this point the eastern route 
crossed the Jordan via Petra, Kir Moab, Ammonitis and Dan to 
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Damascus; the western route to Egypt via Azab, Axomis, and 
Meroe. 

About 15 centuries before the Christian era, the world’s 
commerce was gradually and, in the course of time, very greatly 
expanded by the Phoenicians, who lived on the narrow Syrian 
coast district. In the industrial and commercial field they 
acquired a prominent position; as mariners, however, a domi- 
nating position among the nations of their time. Besides having 
practical control of sea navigation, the Phoenicians were the first 
extensive and successful colonizing nation of antiquity. They 
established or extended commerce with the peoples living along 
the coast of the Mediterranean, they ventured through the “Pillars 
of Hercules” (Gibraltar) into the ocean and made accessible the 
products of the Madeira and Canary islands, the western coasts 
of Spain and France, the British islands, and the northland as 
far as the amber coasts of the Baltic sea. 

For almost a thousand years, during which time they held 
their prominent position in marine traffic, the Phoenicians were 
the principal commercial agents between the nations of the orient 
and the Occident. Sidon and, since the ninth century B. C., Tyre 
became prominent centres of the world’s commerce of that time. 1 ) 

The Phoenicians also extended their navigation to the Red 
sea and the Arabian gulf and from these to the Persian gulf. 
In the latter they established the colonics on Arados and Tylos, 
islands belonging to the present Bahrein group. From the twelfth 
century up to their decline in the fifth century B. C., these cities 
carried on a large transit-trade with goods from India and Ceylon 
to Babylon, Damascus, Tyre and Sidon, and to Egypt. A caravan 
route led from Gerra via Salma, Thsema and Madiana to Elath. 
From Elath the older routes to the north, to Damascus, Tyre 
and Sidon were followed, also westward to Egypt. To Babylon, 
on the other hand, the water route up the Euphrates or Tigris was 
taken from Arados and Tylos. 

Carthage, a Phoenician colony established in 846 B. C., soon 
flourished and developed such power that it became the greatest 
rival of the mother country in the following century. 

*) As is well known, the Phoenicians supplied King Solomon with the 
material for the building of the temple at Jerusalem about 1000 B. C. (1. Kings, 5, 
9 and 10; also 2. Chron., 2 and 9). K 
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Owing to the rise of the Persian empire, the inland com- 
merce of western Asia was somewhat shifted during the period 
from the sixth to the fourth century B. C. The old routes of 
traffic passing through countries controlled by the Persians were 
not only kept in good condition but extensions were also made. 
These old highways of transcontinental commerce underwent 
further changes at the time of the Greek conquests under 
Alexander the Great at the close of the fourth century B. C. 
Still greater, however, were the changes brought about by the 
migration of nations during the fourth and fifth centuries of the 
Christian era. Wars and other disturbances of the commercial 
intercourse along the old caravan routes frequently restricted 
traffic to the rivers and seas. Upon the re-establishment of 
peace, however, commerce always seems to have found its way 
back to the traditional caravan routes. 

In the course of time, however, and especially during the 
sixth and seventh centuries still other changes took place. Thus, 
e. g. the products of the Chinese and Indian coast districts and 
of the Indian islands were brought in part by ship over the Bay 
of Bengal and by way of Ceylon to the commercial centres of 
the Persian gulf and the Red sea. From these they were 
distributed by coast-wise trade, by river navigation up the Tigris 
and Euphrates, or by caravans to the north and west. From the 
more northern Chinese and Indian districts the caravans passed 
through the present East -Turkestan following the older routes 
mentioned on p. 8 and 9 through the countries of the Oxus to 
the Araxes. The goods, instead of being carried by river to 
Phasis and the Black sea, were taken as far as Artaxata and 
then by caravan through Persia to the ports of Asia Minor. The 
old route from Kandahar along the northern border of the Iranian 
plateau, which likewise led through Persian territory, was also 
followed by caravans. 

During the reign of the East Roman emperor Justinian, in 
the sixth century, when the world empire of the Romans was 
broken up by the migration of nations, Persia experienced a new 
rise to power under the Sassanidae. The Persians ruled the 
entire territory from the Caspian to the Arabian seas and from 
Afghanistan of to-day to Syria and Armenia. They improved 
the old high-ways and caravansaries, kept them in repair and 
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promoted commerce and traffic, directing both over routes leading 
through their own territory. Owing to the wealth and luxury of 
the Roman empire, the commerce, in oriental spices had risen 
to an unusual height. The East Roman empire which at that 
time was the principal western state with its capital at Con- 
stantinople, was forced by the Persians to procure such oriental 
goods as were not shipped by water, from and through Persia 
and to pay a heavy duty on them. The principal places of 
storage and for the collection of revenue at that time were 
Artaxata on the Araxes, Nisibis, south of the Tigris, and Cal- 
linicum (Rakka) on the Euphrates. To Artaxata were brought 
the goods from the countries of the Oxus over the Caspian sea. 
Those that were conveyed along the caravan routes south of 
the Caspian sea, and those that came from the coastlands of 
the Persian bay up the Tigris or Euphrates centered at Nisibis. 
For nearly five centuries, the aromatics of China and India, of 
the Malayan archipelago which came via Ceylon, and in part 
those of Arabia were transported over the two last -mentioned 
routes to the western countries. About this time also, the 
Levant commerce, which became so important in a future period, 
had its beginning. 

During the life of the Persian empire (up to the middle of 
the seventh century A. D.) all attempts, made by Justinian and 
his successors, to divert the commerce from its course through 
Persian territory by means of marine transportation remained 
unsuccessful. They did not even succeed in opening up marine 
traffic between India and Ethiopia, because Persian merchants 
visited the Indian markets and persuaded the Indians and Chinese 
not to sell their goods to new customers. In the course of 
time, however, the Greeks succeeded in obtaining larger consign- 
ments by water from the ports of India and Ceylon and more 
particularly from the coastlands of the Arabian sea, which were 
rich in spices. These were delivered directly to their own ports, 
Kolsum, and Akabah and Berenice near the entrance to the 
Red sea. 

About this time there existed three great caravan routes 
from China westward. They began in the territory of the Hoang 
Ho and the Yangtsekiang and passed through the Gobi desert. 
The northern route took its course through the oasis of Chami, 
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then northward along the Thian-Shan mountains through the 
present Dsungarai, past the Balkash sea, and via Talas, It then 
followed the Syr-Darya river to, the Aral sea and the Caspian sea. 

The middle route passed to the south of the Thian-Shan 
mountains through the northern part of East Turkestan via 
Chami, Turfan, Karashar, Kutsha, and Aksu to Kashgar; thence 
over the Terek pass to Ferghana via Samarkand, Buchara and 
Merv to Persia. 

From the Gobi desert, the southern route passed through 
the southern part of East Turkestan via Chotan and Yarkand, 
then over the Pamir plateau and through Afghanistan to the 
Punjab (India) crossing the Bamian and Gazna passes to Mul- 
tan. Goods intended for the west, coming via this route, 
were taken down the Indus river to Daybal. From this port 
they were shipped by sea with other goods from India and 
Ceylon. 

During the seventh and eighth centuries A. D. the Arabs 
carried on an extensive marine commerce with India and China, 
especially in spices and aromatics. These were supplied in 
large quantities to the luxurious courts of the caliphs and the 
Byzantine emperors. The principal centres between China and 
Arabia were at that time on the Malay peninsula, to which were 
also brought the products of Java and other Sunda islands. 
Later on commerce concentrated itself in Kalah, a city on the east 
shore of the Malay peninsula. In the tenth century there existed 
between Kalah and Siraf, a city on the east coast of the Persian 
gulf, regular commercial intercourse between the Arabians and 
Chinese. From the northern point of Sumatra the Chinese crossed 
the bay of Bengal to Ceylon. 

Arabian merchants also settled along the Malabar coast, 
in Ceylon and in the Indian sea ports. From the eighth to the 
tenth century, Daybal at the mouth of the Indus was the im- 
portant commercial centre and seaport of India. It was the 

principal emporium for the products of the Indus valley and 
the Punjab on the one side and of Mesopotamia, Persia and 
Arabia on the other. For the products of northern India, Multan 
on the Djelam river in the Punjab, was the first larger rallying 

point. It was also a place of pilgrimage that was much revered 

and visited by the Hindoos. 
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From the eighth century on, Suhar and Muscat, near the 
entrance of the Persian bay, developed as rival ports for Indian 
and Chinese commerce with occidental countries. At the same 
time Aden, at the entrance to the Red sea, became the principal 
port and commercial entre for the products from Yemen, Hedsjaz, 
Ethiopia and Egypt. 

In addition there were caravan routes: one from India to Persia 
through Seistan; the other via Gazna and Kabul to Afghanistan. 

Seti I. and Rameses II., Egyptian pharaohs, had during the 
first quarter of the fourteenth century B. C. connected the Red 
sea with the Mediterranean sea. In order to re-establish this 
sea-route, Pharaoh Necho toward the end of the seventh century 
B. C. tried to have a new canal constructed from Bubastis on 
the Nile to Patumos on the Red sea. This was not completed, 
however, until 500 B. C. by Darius Hystaspes and was widened 
and improved by the Ptolemies. Before the beginning of the 
Christian era it was again choked up with sand. Under the 
caliph Omar in the seventh century A. D. the canal from Cairo 
to the Red sea was again restored, but did not exist longer 
than a century. 

From the seventh to the twelfth century there also existed 
several land routes across the Suez isthmus. One of these 
followed the course of the old canal (choked up with sand) from 
the Red sea to Cairo, whence the goods were shipped down the 
Nile and then by sea. If the passage of the goods through 
Alexandria was not necessary, the shorter route over the isthmus 
from Kolsum to Pelusium (Faramiah), was preferred. At this 
time Damascus and Jerusalem were also important commercial 
centres. Here also oriental goods were exchanged by the 
merchants of Mecca on the one hand and those of Tripoli, 
Beirut, Tyre and Acre on the other. 

From the seventh to the twelfth century there existed an 
active coastwise trade along the north African coast, having its 
centres in Syria and Egypt and extending as far as Morrocco 
and Spain. This commerce acquired a special importance for 
spices and aromatics although for a time it was limited by 
Mohammedan laws against intercourse with Christians. Commerce 
also soon flourished among the Greeks, who obtained spices 
and aromatics, possibly also rose water and aromatized fatty 
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oils from Antioch, Alexandria and Trapezunt and brought them 
to Constantinople, Thessalonica and Cherson. Already in the 
tenth century Trapezunt was an important emporium for the 
drugs of India and Arabia and for Persian perfumes. The Greeks, 
however, purchased these luxuries only for home consumption, 
which was large, without distributing them farther to other nations. 

From the tenth to the fifteenth centuries, the commerce of 
the Mediterranean was conducted principally by Italian cities. 
In the tenth and eleventh centuries Bari, Salerno, Naples, Gaiita, 
and above all Amalfi, Pisa and Venice were the principal 
commercial centres. The Levant commerce, which was in its 
prime from the twelfth to the fifteenth century centered in Venice 
and Genoa. In the Levant itself, at the time of the crusades 
during the twelfth and thirteenth centuries, Acre on the Palestine 
coast was the most important commercial port. When this city, 
the last one held by the Christians, likewise fell into the hands of 
the Mohammedans in 1291, Famagusta on Cyprus, and, for a 
longer period, Lajazza on the bay of Alcxandrctta, became the 
commercial centres of the Levant up to the fifteenth century. 
The latter port was the junction for the western merchants with 
those coming from Asia. 

Toward the end of the thirteenth century, the cities of 
Bagdad and Basra on the Euphrates, lost their commercial 
supremacy which they held for several centuries to Tcbriz, the 
new rising capital of Persia near the Caspian sea. When Egypt 
in the thirteenth and fourteenth centuries began to levy a high 
toll on the finer Indian spices and aromatics, the land trans- 
portation was deviated more and more through Persia via Bagdad 
and Tcbriz to Lajazzo and Trapezunt. 

During the fourteenth century, the island port Ormuz in 
the Persian gulf became an emporium for the westward -bound 
goods from India and Ceylon. It maintained this position until 
its capture by the Portugese at the beginning of the sixteenth 
century. The more important ports along the western coast of 
India at that time were Mangalore, Calicut and Quilon. Ginger, 
cinnamon, cardamoms, pepper, cloves, nutmegs, sandalwood, 
lignaloes, indigo, etc., were brought to these ports from the 
interior. From the Chinese ports and the East Indian islands 
large importations of these and similar drugs were received. 
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Toward the close of the thirteenth and at the beginning of 
the fourteenth century the direct traffic between Europe and 
China became very active, more particularly over the land route. 
Under the protection of the Mongols the caravan routes through 
central Asia were generally safe. The greater part of the Chinese 
empire was also accessible to Europeans. About this time also 
Marco Polo, the first European world-traveler, visited China, 
India and the islands of the Indian ocean. 

Owing to disturbances and invasions of central Asia, the 
overland traffic diminished after the middle of the fourteenth 
century. Up to the discovery of the sea route around Africa 
at the close of the fifteenth century, Tcbriz, however, remained 
an important centre for transitory trade. The capture of Con- 
stantinople by the Turks in 1453 enabled them to interrupt the 
trade of the Italians via Trapczunt and the Crimea and soon to 
cut it off altogether. About this time Cyprus also lost its former 
importance for the Levant trade. 

Egyptian commerce, however, once more increased consider- 
ably toward the close of the fourteenth and in the course of 
the fifteenth century. In place of Aden, Djidda, the sea-port 
of Mecca, became the principal junction of commerce between 
the Indian seas and the Occident. The heavier goods were 
transported by water, the lighter by pilgrim caravans to Tor on 
the Sinai peninsula. The high toll levied by the Egyptians caused 
some of this trade to he deviated for the time being to Syria. 
Owing to the occupation of Lajazzo by the Turks in 1347, and 
the conquest of the Crimea in the fifteenth century, this traffic 
continued to develop for a short time. 

Thus in the course of several thousand years, the commercial 
intercourse between the nations of Asia, later also those of 
Africa and of Europe underwent a variety of changes as did 
also the various routes of traffic. The circumnavigation of 
Africa by the Portugese in 1498, their conquest of Ormuz, the 
key to the Persian gulf, and their extended marine traffic brought 
about important changes in the traditional channels of traffic. 
The transport by means of caravans was gradually diminished; 
the highways, formerly well kept, got out of repair, the ocean 
ship displaced the “ship of the desert”, the camel of the 
caravans. 
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From the sixteenth century on, the ocean became the prefer- 
red highway of international commerce, hence the Levant com- 
merce, which had flourished for several centuries and had en- 
riched the commercial centres of Italy and of other Mediterranean 
countries, lost its importance. 

Numerous ruins of magnificent buildings in cities and markets, 
well built high-ways covered with the sand of centuries, also 
caravansaries on the plateau and desert lands of western Asia 
and the Arabian peninsula reveal to these after-days the former 
greatness and the commercial prosperity of peoples who still 
live in history but principally in name only. 

The spices and aromatics of southern Asia and the Asiatic 
islands, which constituted the first foundation of international 
commerce have retained their original value in spite of all 
changes in the world’s history. The same spicy cinnamon, 
cloves, nutmegs and cardamoms, pepper and ginger and other 
spices used and highly appreciated since antiquity; frankincense 
and myrrh, benzoin and other incenses, camphor, sandalwood 
and lignaloes and other plant products acquiring use in ever 
increasing numbers thrive after thousands of years in the sunny 
countries and islands of the orient in primeval profusion. 

However, they are no longer brought to the Occident on 
the backs of camels over the plateaus and deserts of Asia, but 
in trim sailing vessels and speedy steamships crossing the ocean; 
or they are transported in freight cars that hasten over steel 
tracks encircling the continents. They are used up to this day, 
in the humble hut as well as in the palace of the rich, either 
in their original state, or in a concentrated form, purified by the 
giant stills of modern chemical industry, 



II. GENERAL HISTORY OF THE 
VOLATILE OILS. 


In the course of centuries various more or less independent 
branches have separated from the common trunk of natural 
science and have made a history of their own. This is true 
of the subject presented in this treatise. To be sure a fairly 
exact knowledge of those plant products, which are termed 
volatile oils, has been gained only in recent periods. Neverthe-' 
less the nature and value of these substances docs not appear 
to have escaped the observation of the oldest peoples. It seems 
almost certain that not only the grace and vivid coloring of the 
flowers but also the fragrance of the vegetation in southern Asia 
must have aroused the curiosity of man, fully as much as did 
the utilization of the plants for the purpose of food and clothing. 
Indeed, those plants and plant products that were conspicuous 
on account of their aromatic odor and taste, seem to have 
attracted the attention of man in a special degree. These very 
properties seem to have induced him to use them and to seek 
proper methods for their cultivation and preservation. 

It is true that the oldest documents pertaining to the history 
of the beginning of human industry have recorded only the most 
primitive methods for the preparation of implements that were 
used in the chase, the cultvation of the soil, and for the collec- 
tion and preparation of foodstuffs and other useful products. 
Nevertheless it may not be amiss to suppose that the exigencies 
of self-preservation and of wellbeing at an early period caused 
man to utilize fire not only for the preparation of foodstuffs but 
for various other purposes. It may have required long periods 
of time before fire was used for the preservation of perishable 
foodstuffs, for the separation of pleasant substances from dis- 
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agreeable ones: so, e. g., the distillation of the “spirit of wine" 
from the wine itself; the separation of the “subtle principle", 
the aroma, from spices which were among the earliest articles of 
barter and commerce during antiquity; and which as products 
of nature agreeable to the gods, were offered as sacrifices in 
religious ceremonies, and were also used in the embalming of 
the dead. 

It is especially this use of spices and of aromatic plant 
products by the priests, those promotors and supporters of 
natural science during antiquity, that renders it probable that 
their knowledge was early applied to the production, and pre- 
paration of the spices which were used in the sacrifices and in 
embalming. Whether a beginning in the preparation of the 
aromatic principles of plants, our modern volatile oils, was made 
previous to early Hindoo and Egyptian civilization, does not 
become apparent from the oldest documents. Even the Bible, 
which gives so much information concerning the customs of the 
)ews, makes no other statements than those pertaining to the 
spices and aromatics used in various countries. The early 
preparation and utilization of the more common metals would 
indicate that furnaces and other apparatus for heating were 
used in a variety of ways. One may suppose, therefore, that 
they were gradually used in primitive attempts to separate the 
spirit from wine, from other fermented fruit juices and honey; 
also the aromatic principles from spices, balsams and oleoresins. 
These crude experiments may be considered as constituting the 
first stages in the art of distillation. 

The Egyptians, owing to the continuity of their early and 
highly developed civilization and to the preservation of their 
monuments and literary productions, are generally considered 
as standing at the portals of history. With reference to time, 
however, the Chinese and Aryans are probably the oldest peoples. 
These races, with whom civilization seems to have had its 
beginning, lived in central and southern Asia, a mountainous 
district favored with a mild climate and a luxuriant vegetation 
rich in useful and spicy products. Our knowledge of the peoples 
who first occupied this wide territory is but legendary. Con- 
cerning their industrial and technical accomplishments but little 
definite information has come down to us. These Chinese and 
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Indians may have developed considerable dexterity in industrial 
pursuits and may even have accomplished much in the scientific 
realm. Their attitude of exclusiveness, however, toward the out- 
side world and their secrecy have prevented them from exerting 
a lasting influence on other nations. The oldest documents that 
throw light on their early scientific accomplishments are the 
Ayur-Vcda (Book of the Science of Life) by Charaka and Susruta. 1 ) 
As is the case with so many writings of early antiquity, nothing 
definite is known with regard to the age of these documents. 
It is possible that they are traditions reduced to writing at a 
rather late time. s ) From this work it becomes apparent that 
the Indians were acquainted with primitive apparatus for distil- 
lation, with fermentation and the products obtained by distillation. 
Of “distilled oils”, those of rose, schcenus (andropogon), and 
calamus arc mentioned. 11 ) Whether these oils are “distilled’* in 
the modern sense of this term can not be ascertained. 

From documents of the old Persians it would seem that 
they also were acquainted with the process of distillation and 
hence with distilling apparatus. 1 ) 

With regard to the Egyptians, however, whose history goes 
back as far as 4000 B. C, we have definite information con- 
cerning the early development of industry, art, and science. 
Their , commerce, which extended as far as India, Babylonia, 

') Susruta’s Ayur-vedas, id eat medicine systems a venerabili D'han- 
vanture demonstratum a Susruta disci pulo compos i turn. Nunc prim urn ex 
Sanscrita in iatinum sermonem vertit, introductionem, annotationes et rerum 
indieem adjecit Dr. Fr. Hessler, Erlang# 1844. 

The Susruta, or System of medicine, taught by Dhanvantari and com- 
posed by his disciple Susruta. Published by Sri Madhusudana-Gupta, Prof, 
fo medicine at the Sanscrit College at Calcutta. Calcutta 1835. 2 Vol. 

*) Lassen, Indische Altertumskunde. 1. ed., vol. 2, 551. 

J. F. Royle, An essay on the antiquity of Hindoo medicine. London 1837. 
Wallach and Heusinger, Das Altertum der indiseben Medizin. Kassel 1839. p.45. 

Allan Webb, The historical relations of ancient Hindoo with Greek me- 
dicine. Calcutta 1850. p. 45. 

Zeitschrift der Deutsch. MorgenlSnd. Gesellsch. 80 (1876), 617 and 81 
(1877), 647. 

*) Susruta’s Ayur-vedas. Editio Hessler. Erlang# 1844. p. 1 1 1 and 1 30. 

4 ) Gebri l)e alchemia iibri tres. Argentorati arte et impensa lo. Grie- 
ningeri anno 1529. 

Chr. G. Schmieder, Gescbicbte der A/cbemie. Halle 1832. p. 34. 
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Syria, Ethiopia and other countries, as well as their industry 
and art undoubtedly developed slowly before it reached that 
height which we now admire. Thus, they were acquainted with 
the preparation of the metals, with furnaces and distilling 
apparatus, with the distillation of wine, and of the oleorcsin 
of cedar; 1 ) with the preparation of soda, alum, vinegar,*) soap, 
leather; also with the preparation and use of colors and the 
manufacture of glass. The Egyptians used cedar (turpentine) 
oil*) and colophonium, 4 ) and probably knew how to isolate plant 
aromas as distilled oils. 

The height which Egyptian civilization reached is revealed 
better by their architectural monuments, mummies found in the 
pyramids, and by the products of artistic workmanship, than by 
the few written documents that have come down to us. Likewise 
in the building of ships and in their commerce with neighboring 
countries the Egyptians accomplished much. 

Like their writings, many of their arts and crafts were lost at 
least in part to the civilized nations succeeding them and had to be 
rediscovered. In judging the relationship between their scientific 
knowledge and their accomplishments in the arts and crafts, it 
should be remembered that the manufacture of metals, of glass, 
and even dyeing were based on a rather crude empiricism and 
seem to have been almost wholly independent of the theoretical 
consideration of the age. Thus, with but little scientific knowledge 
of permanent value, these most ancient peoples, the Hindoos, 
Egyptians, Assyrians, Babylonians and Phoenicians, like the 
Chinese, who stand at the dawn of civilization, have in the 

‘) Aetii medici graeci Ex veteribus medicinx tetrabiblos. Editio Aldina. 
Veneti 1647. fol. 10. 

*) Numbers, 0:3. 

s ) Herodoti Historix II. 85. 

Pedanii Dioscoridis Anazarbei De materia medica libri quinque. 
Editio Kuhn-Sprengel. Lipsia; 1829. Lib. 1, cap. 34, 39, 80, 95, 97. 

Plinii Secundi Natural is historic libri 37. Liber 15, cap. 6 and 7, and 
liber 16, cap. 22. 

Scribonii Largi Compositiones medicamentorum. Editio Schneider, p. 323. 

Theophrasti Eresii Opera, quae supersunt omnia. Historia plantarum, 
Editio Wimmer. Parish 1866. Liber 9, cap. 3. 

4 ) Pedanii Dioscoridis Anazarbei De materia medica libri quinque. 
Editio Kuhn-Sprengel. Lipsi* 1829. Vol. 1, p. 660 and vol. 2, p. 639. 

GltMJtlRISTER, The volatile oils, 2 
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course of centuries of development accomplished much in a 
practical way. They, and among them the Egyptians more 
particularly, served as the teachers of the classical nations of 
Greece and Rome. 

The scientific knowledge as well as the industrial and artistic 
accomplishments of the Hebrews and the Greeks, and indirectly 
also of the Romans, had their root in Egyptian civilization. 
However, the Greeks, like the Hebrews, tended toward the ideal 
rather than the practical in their conception of Mature. They 
did not experiment and were not bent on applying their scientific 
knowledge. The Greek philosophers and writers collected and 
systematized the information that had conic down to them and 
thus aided in preserving it, without, however, putting it to 
practical use or adding anything new to it. 

The Greeks, however, were well informed as to the Egyptian 
arts; they understood the preparation and working of the metals, 
the manufacture of glass, and other industrial arts. Their com- 
merce, however, was mostly barter in natural products. The 
oriental spices were highly prized by them for incenses, cosmetic 
and sanitary purposes. Whether the primitive method of distil- 
lation practiced by the Egyptians and Persians was known to 
the Greeks does not appear from their literature. It is not 
improbable, however, for medicine and the use of cosmetics were 
hardly less thought of by the Greeks than by the Egyptians. 
Owing to the luxury of the later Greeks, perfumes and spices 
were extensively used. The much praised oriental perfumes, 
especially sandal wood (i/A« inW<) were considered a neces- 
sity at all festivities. Hence the Greeks procured the aro- 
matics known to them as articles of barter. In later periods, 
however, the procuring of these products like the sea traffic 
generally was left to other peoples. 

At the time when Greek culture spread westward and became 
the basis of Roman civilization, Greek views concerning nature 
and Greek knowledge of it were likewise transmitted. In their 
numerous conquests, the Romans increased their knowledge of 
oriental natural products. These were brought by the old caravan 
routes and then by sea to Rome. Among them were the finest 
spices for the kitchen, perfumes and ointments for the toilet, 
balsams and incenses. Whether only aromatized fats, or distilled 
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oils as well, were used cannot be ascertained definitely from 
Roman literature. That the Romans themselves were adept in 
the preparation of toilet articles seems highly probable. That the 
natural sciences, including the science of drugs, were well cultivated 
is shown by the writings of Dioscorides, 1 ) Pliny 4 ) and Galen"), 

’) Pedaniws Dioscorides was the first important writer on the history of 
drugs during the Christian era. Born in Anazarhus, in the southeastern part 
of Asia minor, during the first century, he traveled in the capacity of a 
physician with the Roman armies through several countries. The Materia 
Mcdica, written by him in the second half of the first century, was the most 
thorough work of its kind during antiquity, and was regarded as authority 
far into the middle ages. Thus it was used for purpose of comment as late 
as the time of Luther, as is evidenced by the lectures of Melanchthon at 
the University of Wittenberg and by the writings of Valerius Cordus in the 
middle ol the sixteenth century. 

The principal works written by Dioscorides in the second half of the 
first century are the five hooks, of his be materia mcdica, also his 
Ale\ipharmac,t el tbvriaca (Remedies against plant and animal poisons) 
which were edited as books b and 7. These and other more apocryphal 
writings have been republished frequently and in many languages. Among 
the oldest editions are the Arabic manuscript in the library at Leyden, which 
possibly was written about the year 940; a very rare Greek edition printed 
apud Aldum Manutium, Vencti 1499; also a Latin edition by |. Allemannum 
de Medemblich, printed in Colie 1501 Of the better translations and com- 
mentaries the following may be mentioned: 

Pedanii Dioscoridis Ana/arhensis be materia medica lihri quinque. 
jano Coronario medico physico interprete. Basiliac 1529. 

Valerii Cordi Simesusii Annotationes in Pedanii Dioscoridis Anazarbei 
be materia medica libros quinque, longc alix qnam anteu sunt b;ec sunt 
emuigat.e . L/usdcm historia stirpium lihri quatuor, et de artificiosis extras 
tionibus liber etc. Translatio Ruellii. Prancofurti ad Mumum 1549. Editio 
Gessncrii 1561. 

Pedanii Dioscoridis Anazarbei be nwdicina/e materia medica lihri sex, 
loanno Ruellio Suessiuncnsi interprete. Accesserunt priori editioni Valerii 
Cordi Simesusii Annotationes doctissimi in Dioscoridis de medica materia 
libros Euricii Cordi judicium de herbis et simplicihus medicinat; ac corum 
quae apud medicos enntroverruntur explicatio. Prancofurti 1543. 

Petri Andreas Matthioli Opera quae extant omnia. Commcntarii in sex 
libras Pedacei Dioscoridis de materia medica. Veneti 1554. 

JioortHubm' .\rtuun ; iii» r anti rUi or; Pedacei 

Dioscoridis Anazarbei Opera quae extant omnia. Ex nova interpretatione. 
}ani-Antonii Saraccni, Lugduni Medici, Prancofurti 1578 und 1598. 

A Latin translation of the libri de materia medica of Dioscorides had 
made its appearance as early as 1478 and a Greek edition appeared at about 
the same time in Cologne. 
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Although the Romans were good observers of natural objects 
nd phenomena, and equally good compilers of the knowledge 
f their own period and of previous periods, they did not, in 
eneral, penetrate into the secrets of nature. Neither did they 
dd much to the stock of knowledge handed down to them, 
he natural sciences and medicine were, therefore, but little 
dvanced by them. 

With the decay of Greek and Roman culture and the long 
ight in the history of civilization that followed, many of the 
arlier achievements in the arts and crafts were lost. At the close 
f that period which we now designate as antiquity, birth was 
iven to a new civilization. Strange as it may seem the Moham- 
ledans were the forerunners of this new period although they 
re reported to have destroyed the transmitted treasures of art 
nd literature in the belief that the Koran contained all human 
wisdom. The Arabians themselves, however, contributed but 
ttle to this Mohammedan period of civilization. This had its 
oots in the Alexandrian school, the spirit of which was imparted 
o the later conglomerate of Mohammedan peoples through the 
Syrians and Persians and their languages, also through the 
kecks of Asia Minor. This Mohammedan empire, as it were, 
icluded practically all of the peoples subjugated during the 
ighth and ninth centuries. Westward it extended as far as 
he gates of Hercules, or Strait of Gibraltar; to the East as 
ar as the sea of darkness, as the Arabs called the Indian 
)cean. They succeeded in converting the subjugated peoples 
o the Mohammedan religion. In as much as the Koran was 

A more recent edition of the Materia medica of Dioscorides, which was 
sed in connection with this book, is the one edited by Professor Curtins 
•prengel. It appeared in Leipzig in 1829 as a part of the Kuehn Collection, 
amely the Med/corum grxcorum Opera qua* extant, of which it constitutes 
olume 25. Of the two parts the first contains the De Materia medica libri 
unique, the second part Liber de venenis eorumque precautione et medi- 
amentione (pp. 1 — 338) and Commentarius in Dioscoridem (pp. 340—675). 

*) Plinii Secundi Natura/is Historic libri XXXVII. Recognovit atque 
ndicibus instruxit Ludovicus Janus. Lipsia? 1859. 

Most of the references to Pliny made in this book refer to the two- 
olume-edition of Littrc, Paris 1877. 

*) Claudii Galcni Opera omnia. Editio Kuehn, in twenty volumes, 
.ipsia: 1821 1833. Worthy of special mention among these are the De 
‘ implicitrm mcdicamentomm temperaturis et facu/tatibus libri XI. 



General history or the volatile oils. 


21 


not only the spiritual but also the legal codex, Arabic language 
and script passed from country to country. Hence it became 
the language, not only of the faithful, but of the intellectual world, 
occupying the position held later by the Latin language during 
the Christian middle age. 

Permeated by the conceptions of the Alexandrian school, 
the Arabs revived the study of the natural sciences in the ninth 
century. Mathematics, astronomy and medicine were rapidly 
developed. With their tendency to faith in the miraculous, 
alchemy and magic developed with the natural sciences and 
played an important role in the theory of transmutation of the 
metals and in medicine. The philosopher’s stone and a universal 
medicine, the faith in which permeated human society for centuries, 
were to banish all misery and disease from this world. 

Above all it was Gcber 1 ) (Djabir), one of the most influen- 
tial and prominent scholars of his time, who developed this 
theory and established a firm faith in it which lasted for centuries. 
During the period when Bagdad, Bassora and Damascus were 
the principal centres of commerce, no people was more skilled 
and more productive than the Arabians in the arts and trades 
and also in natural science. Their commercial relations extended 
to almost all known countries, and the use and knowledge of 
Eastern spices and aromatics was greatly fostered by them, as 
was also the practice of medicine. 

With the development of the traditional knowledge, the 
Arabians also fostered the process of distillation in connection 
with the hermetic art-). As early as the fourth century, the 

’) Gebri Summa perfections magisterii. fix bibliotheca vaticana 
exemplari. Gedani 1682. Lib. IV. p. 156—178. — Alchemia: Gebri Arabia 
libri excud. Job. Petrius Nucrembergensis. Bema; 1545. Lib. 2. cap. 12. * 
Torbert Bergmann, be primordiis chemise. Upsala 1779. § 3D and § 4C. 
Editio Hebenstreit. Lipsiac 1787. 

In addition to the works of Geber originally written in Arabian, a number 
of other works in Greek and Latin were until recently attributed to him. 
However, M. Berthclot has revealed the apocryphal character of these writings 
( Introduction a I'ttude de ia chimie des anciens et du moyen-age, Paris 1889, 
also Revue des deux mondes , September 15. and October 1. 1893). Among 
these are the Summa perfections magisterii which appears not to have been 
written before the middle of the fourteenth century. 

*) Hermannus Conringius, De hermetica Aegyptiorum vetere et Para * 
celsiorum nova medicina libri duo. Helmstedt 1648. Lib. it, cap. 4. 
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Greek scholars Synesios of Ptolomais 1 ) and Zosimos of Panopolis 2 ) 
had described the distilling apparatus and methods of the Egyptians. 
Aetius of Amida, a physician and writer who lived in Constan- 
tinople during the beginning of the sixth century, also described 
the preparation of cmpyreumatic oils by downward distillation 
(DestiHatio per descensum )% This as well as the upward 
distillation (f)estiUatio per ascensum ) arc reported by Gcber. 
According to Porta’s De destillatione of 1567 1 ) and other 
writers of the sixteenth century the Arabian physicians and 
alchemists introduced the condensing tube (Serpentina) for the 
better cooling of the distillate, and a kind of fractionation for 
the distillation of wine"). 

Through the Arabians the medical and alchcmistic know- 
ledge of their times, also the mysticism of the hermetic") art 
were transmitted to southwestern Europe. They were most 
prominent in the establishment and advancement of the theory 
of the transmutation of the metals, a theory which held sway 
for many centuries; also of the preparation of a quintessence 

Torbcrt Hergmann, Histori.v cbenit.v medium svu ohscurum ,vvum. 
Editio Hebenstreit. Upsix 1787. Vol. 4. 

Sehmiedor, (icschithtc dcr Alchemic. Halle 1832. p. 85 ct set/. 

') Syncsii 1 ntetut us chymictts ad Dioscoridem. In fabticii Hihlia gnved. 
Tom. 8. 

) "lit quid plura moramur? Unus Zosimos Panopolitcs libro 
"cyi '••• '< nnii'fi loculente ad octilos nobis sistit antiquonun ilia vasa 
destillationibus accommodata ; postquam enim jussisset candidatos artis id 
agere ut ipsis ad mantis cssct u/iyu. uum,r nuumn tm<u y,u 
om 0,1 nil , 11 . mandassetque I n /«•>» nw/i.iwi it/ui. n/.iii mytO.in . ju/il- 
lu.'Kinu, tru «/, wt'-non am n. .'/#««»* nn n)««- tandem, ut clarius sese 
explicit, ipsas vasonim figuras appingit, quarum nonnullas licet rudiori manu 
exaratas c\ bibliotheca regis christiamssimi, ct ilia D. Marei Venetiis, libuit 
Inc in gratiam curiosoruin adjicere.” (0. Borrichius, fiermetis Acgyptiorum 
ct chcmicanim sapwntiu , ab Hermanni Conringii animndxcrsiouibus vindicate. 
Hafnix Ib74. pag. 15b.) 

Detailed statements concerning Zosimos’ account on distillation are 
also found in Hofers Histoire dc Id chimiv. 2, Edit. 1866. Tom. 1. pp. 261—270. 

■*) Aetii IliitM lunush tyy,tii\iyu t Uhri medicinales scdecim. Editio 
Aldina 1533. fol. 10. - See also footnote 4, p. 68. 

*) See p. 44, footnote 7. 

'■> See the illustration on p. 41. 

") The designation spagyric art, from and <iyno»i, came into use 
during the time of Paracelsus, viz. in the first half of the 16. century. 
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from organic nature; and that of the much-sought lapis philo* 
sophorum. It was through this dogma that entered the medical 
and thcosophic realm of the middle ages, and through the search 
for these imaginary phantoms that the Arabians laid the foundation 
for the acquisition, by empirical methods, of practical chemical 
knowledge, of numerous facts and products. These in turn served 
as building stones with which the later chemical structure was 
erected. In the course of the ninth and tenth centuries the 
Arabians also established the universities at Cordova, Seville 
and Toledo. As centers of learning and research, these institutions 
were visited by seekers of knowledge from all countries for the 
purpose of studying medicine, magic and necromancy. 

Arabian medicine, and with it the art of distillation and the 
literature thereon, attained their greatest development during the 
period from the eighth to the eleventh centuries. However, but 
little definite information has come down to our own time con- 
cerning the numerous writers whose works have been perpetuated 
in their entirety or only in part. As a matter of fact, many of 
the works attributed to them are apocryphal and the real authors 
arc not known with any degree of certainty. Not only is there 
a variation of one or more centuries in the dates attributed to 
them, but the opinions of historians concerning them is oftimes 
contradictory. 

The Arabian writings which arc of greatest importance in 
the documentary study of the history of distillation begin with 
the works of Gcbcr about the ninth century. From the twelfth 
century on, the Arabian alchemists devoted themselves exclusively 
to the transmutation of the baser metals to the nobler ones, to 
the search for the lapis philosophorum. 

It was during this earlier period of almost four centuries, 
devoted largely to medical research, that the Arabians acquired 
considerable skill in the art of distillation and the preparation 
of distilled waters, of several oils and of alcohol, a skill that 
was later lost in large part. Medical and alchcmistic literature 
reveal this knowledge of distillation, distilling apparatus and 
distillates. 

Since the time of the Egyptians it was Geber, whose frag- 
mentary writings reveal for the first time a fair knowledge of 
distillation, both of the dry distillation and of the distillation 
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with water. He used apparatus made from glass, also from 
glazed earthenware. Next to Geber, Mesue the younger was 
probably the earliest of the more important medical writers. 
He lived somewhere between the eighth and tenth centuries. 
It is not improbable that there were several authors bearing this 
name, also that other writers published their works under this 
famous author’s name, and that in later periods an exchange 
of names and writings may have taken place. 

The most important work of Mesue is his Antidotarium 
seu Grabaddin medicamentorum compositorum libri XII. For 
many centuries it was a medical authority. In the twelfth chap- 
ter, De oleis 1 ) the method of preparation of oils is described. 
Most of these are aromatized fatty oils. However, the oils from 
juniper wood and bitumen are directed to be prepared by dry 
distillation which process is described in detail. According to 
Bergmann, Mesue is supposed also to have known distilled oil 
of rose and amber oil.' 2 ). 

Other medical authors of this period reveal a knowledge of 
distilled waters and oils and their uses. Thus Ibn Khaldun 3 ), 
who lived during the ninth century, mentions that distilled rose 
water was an important article of Persian commerce during the 
eighth and ninth centuries. Nonus Thcophancs, 4 ) who during 
the tenth century was physician to emperor Michael VIII in 
Constantinople, recommended rosewater as a medicinal agent. 
The Syrian physician Scrapion (janus Damascenus) who lived 
in the ninth century, also Avcnzoar ft ) who lived about a cen- 

') Editio Veneti 1502. fol. 80. 

*) "Mesue medicamentorum plurimorum inventione magnam famam et 
nomcn evangelist® pharmacopolarum consccutus est; durantque hodie nunc 
in officinis nostris compositiones nonnull®, qua; ille primus descripsit.” — 
"Mesue aquam destillatam rosarum, oleum ev succino et lateribus tamquam 
veteribus nota memorat". (Torbert Bergmann, Historic? chemise medium seu 
obscurum cevum . Editio Hebenstreit. Lipsiac 1787. p. 7). 

J ) Notices et extraits des manuscripts de la bibliothbquc imptriale it 
Paris 1862. Tom. 19, p. 364. 

•) Nonus Tlieophanes, Prxfatio ad Synesii De febribus. Editio Bernardi. 
Amstelodami 1749. Cap. 28, p. 112. 

•') Liber Theizir Dahalmodana Vahaltadabir Proeemium Averrhoi Cordu- 
bensis ab jacobo Hebraco. Anno 1281. Coliiget Veneti 1553. Liber 7. 
fol. I. Lib. 5. cap. 9. fol. 44. 
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tury later and who was physician to the Caliph Ebn Attafin 
of Morocco, used rose water as an eye-remedy and rose oil 
sugar as an internal remedy. In the medical writings of Abn 
Dschafar Achmcd, an Arabian physician of the eleventh century, 
which were translated into Greek by Synesius of Constantinople, 
rose water, rose oil and camphor are mentioned among the 
current remedies. 1 ) 

While Geber was the first, and also the most important 
Arabian writer who was acquainted with distillation, the writings 
of Albucasis, who lived three centuries later, reveal such an 
exact knowledge of the subject, that the assumption seems 
justified that distillation was largely practiced by the Arabians. 
The Liber sem'toris' 1 ) of Albucasis contains a very clear de- 
scription of the process of distillation which Torbert Bergmann, the 

') Synesius, De febribus. Editio Bemardi. Anistelodami 1749. p. 58 
and 240. 

s ) A number of the works of the Arabian physicians and alchemists of 
this period have been preserved in a collective edition published in Venice 
in 1501. In addition to the principal work of Mesne and the Antidotarium 
of Nicolas and commentaries on the same, this folio contains several 
works of contemporaries. The titles of the individual works are herewith 
given: — 

“Uni |oannis Mesue Liber de consolatione medicinarum simplicium 
et correctione operationem xrum canones universales: cum ex positione 
preclarissimi medici mogistri Bondini de lentiis fcliciter incipiunt." (fol. 
2- 31.) 

“Additiones Petri Apponi medici clarissimi, ct Francisci de Pede- 
montium." (fol. 31-90.) 

“joannis Nazareni filii Mesue Grahaddin medicinarum particularium 
incipit." (fol. 91-266.) 

“ Antidotarium Nicolai cum expositionibus, ct glossis clarissimi magi&tri 
Platearii.” (fol. 267-293.) 

“ Expositio Jam's de Santo Amando supra antidotarii Nicolai incipit 
feliciter" (fol. 294 330.) 

" Tractatus de synonymis quid pro quo." (fol. 331—334.) 

“ Liber Sem'toris seu iibri XXVIII Bulchasin Ben-aberazerin: transiatus 
a Simone Januensi: interprete Abraamo |udeo Tortuosiensi." (fol. 334—345.) 

"Uni Saladini de esculo Servitati principis Tarenti physici principalis 
compendii aromatiorum opus feliciter incipit" (fol. 346—354.) 

Quae omnia supradicta hie finem habent ad laudem dei. Veneti impressa 
anno Domini 1502, die 23. Junii. 

The oldest individual editions of some of these treatises date back as 
far as 1471, hence to the invention of the printing press. 
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Swedish chemical historian, regards as one of the first and 
best. 1 ) 

The distillation of water, of acetic acid, and of alcohol 
is described in the following words in the writings of Albu- 
casis.-) 

“Modus faciendi aquam rosatam. Operatio cjus cst secundum quatuor 
modos . . . Sed modum operations ejus, qua? fit cum aqua et inge ligno- 
rum, ego monstrabo secundum formam, quam faciunt reges Abarach. Et hie 
est modus cjus. Facias bercliile parvum in domo ampla, cujus fundus et 
latera sint ex pi umbo, adeo discreta simul solidata, ut aqua non possit egredi 
ab eo: et facias tibi coopertorium ex vitro cum sagacitate, vel ex terra 
vitreata, et in eo forma secundum formam vasorum destillationis, vel secun- 
dum quantitatem magnitudinis berchilis, vel purvitatem ejus, secundum volun- 
tatem tuam faciendi multam, vel paucam aquam rosatam. Deinde pone ollam 
magnam ex are vel cachabum post parictem, juxta quam posuisti berchilc 
secundum formam olio: balnei, et construe earn super furnum, et berchilc sit 
constitutum super furnum, inferius ab olla, ita quod applicet do calore ignis 
berchilis ad ollam. Et facias caminam cum foraminibus, per qux possit 
fumus extra doinum egredi, ita quod futnus totus e domo egrediatur, et non 
noceat aqua* rosatx. Deinde imple ollam ex aqua, qux sit in putco facto 
juxta ollam, sicut est puteus balnei, et accende ignem sub ea, quousque 
bulliat aqua bene. Deinde dimittc venire aquam per canale, quod fecisti per 
discrctionem ad berchile, deinde pone aliam aquam frigidam in ollam ex 
putco, sicut in olla balnei sit et constitue in berchile canale, per quod egre- 
pone cucurbitas sive ventres, et sunt vasa dcstillatoria in foraminibus berchilis; 
et stringe cum panno lini discrete, ita quod bene sedeant in foraminibus suis, 
et vapor aqua* non egrediatur extra. Similiter, et capita corum stringes cum 
panno lini ... Et operatic ejus qux sit in terra nostra est servior et brevior, 
quam ilia, quam dixi. Et est, quod accipias ollam c\ xre sicut est ilia 
tinctorum, et pone post parieteni, ct pone supei cam coopertorium discrete 
factum, cum fornnunihus in quibus ventres ponuntur, et pone in co ventres 
cum sagacitate, et postea imple ollam aqua .... Operatic ejus sine aqua 
et cum igne carboruim est, quod facias furnum quadrum, aut rotundum, et 
habcat coopertorium superius, super quod stabunt ventres ex terra vitreata, 
ut possint sustinere ignem, et quando accendentur carbones, et incipiet aqua 
rosata destillarc, claude os furni, et dimitte foramina aperta, per qux 
fumus egrediatui." 

') "Descnbuntur in hoc libro prxter alia, destillationis modus triplex, 
aqux, aceti et vini destillatio, alembici et cucurbitx quatuor generum, vitrei, 
fictiles vitro incrustati, plumbei et xrci commemorantur." — Torbert Berg- 
niann, Historm* chcmid' medium seu obscurum aevum. Editio Hebenstreit. 
I.ipsix 1787. 

Liber Scn itoris seu libri XXVIII Bulchasin Ben-abera/erin: translates 
a Simone januensi: interprete Abraamo |udeo Tortuosiensi 1471. — Editio 
Veneti 1502. fol. 339 b, 341 b und 342. 
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“Modus aiius cui vult destillare paucam aquam. Accipe ollam ex aere, 
et imple earn aqua, et pone super lanem ignem, et pond super os ejus cooper- 
torium perforatum foraminibus duobus vel tribus vel pluribus aut paucioribus 
ventribus, secundum quod poterit capere coopertorium ollar, et sint ventres 
ex vitro . . 

“Modus albificandi acetum . . . Construe athanor simile illi, in quo 
destillatur aqua rosacea, at superpone ci vas destillatoriuin ex vitro, vel ex 
terra vitreata et imple tres partes e\ aceto bono, et quarta pars vasis superius 
sit vacua, ne cum ebullierit acetum, cffundatur extra; deinde operi vas cum 
vase aliquo superius, sicut novisti habente nasum, sicut sit in aqua rosacea; 
et fac ignem Icvem non fortem, nam si esset fortis, non fieret acetum album 
tanta* albedinis, ct est nccessc, ut acetum, quod distillatur, sit ex uvis albis, 
clarum, et acre, in fine acredinis, quia tunc distillatur album et purum.” 

“Secundum hanc disciplinam potest destillari vinum, quod vult ipsum 
destillare.” 

During the period from the eighth to the twelfth centuries 
medicine and materia mcdica were greatly advanced by the 
Arabian scientists. The method of preparation of medicaments 
by subjecting vegetable and animal substances to distillation was 
in common vogue at this time. Hence the art of distillation 
was one of the principal methods of technique described in 
medical as well as in alchcmistic treatises. It is not likely, 
therefore, that the separation of oils from the distillates of plants 
and plant products rich in oil, should have escaped the observa- 
tion of the eager experimenter. Inasmuch, however, as the 
distilled waters were regarded as the bearers of the "subtle” 
ingredients of the drugs, any oil separating from the aqueous 
distillate may have been regarded as a more gross product and 
hence may have received but little attention. Moreover, little 
was known concerning the character of oils, whether fatty or 
aromatic. So much is certain, that the literature of the period 
reveals the fact that but few volatile oils found application. 

Prom the eleventh century on, the desire for gain and the 
search for the lapis philosophorum , i. e. the conversion of the 
baser metals into nobler ones predominated more and more. 
Hence Arabic science went astray and pursued the illusory 
speculations of the hermetic art. After the middle of the 
12. century there do not appear to have been any great Arabian 
physicians and scientists. With the conquest of Bagdad by 
the Mongols in 1258, Arabic dominance ceased and with it its 
spiritual leadership. For a time Arabian culture lingered in 
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Swedish chemical historian, regards as one of the first and 
best. 1 ) 

The distillation of water, of acetic acid, and of alcohol 
is described in the following words in the writings of Albu- 
casis.-) 

“Modus faciendi aquam rosatam. Operatio cjus cst secundum quatuor 
modos . . . Sed modum operations ejus, qua? fit cum aqua et inge ligno- 
rum, ego monstrabo secundum formam, quam faciunt reges Abarach. Et hie 
est modus cjus. Facias bercliile parvum in domo ampla, cujus fundus et 
latera sint ex pi umbo, adeo discreta simul solidata, ut aqua non possit egredi 
ab eo: et facias tibi coopertorium ex vitro cum sagacitate, vel ex terra 
vitreata, et in eo forma secundum formam vasorum destillationis, vel secun- 
dum quantitatem magnitudinis berchilis, vel purvitatem ejus, secundum volun- 
tatem tuam faciendi multam, vel paucam aquam rosatam. Deinde pone ollam 
magnam ex are vel cachabum post parictem, juxta quam posuisti berchilc 
secundum formam olio: balnei, et construe earn super furnum, et berchilc sit 
constitutum super furnum, inferius ab olla, ita quod applicet do calore ignis 
berchilis ad ollam. Et facias caminam cum foraminibus, per qux possit 
fumus extra doinum egredi, ita quod futnus totus e domo egrediatur, et non 
noceat aqua* rosatx. Deinde imple ollam ex aqua, qux sit in putco facto 
juxta ollam, sicut est puteus balnei, et accende ignem sub ea, quousque 
bulliat aqua bene. Deinde dimittc venire aquam per canale, quod fecisti per 
discrctionem ad berchile, deinde pone aliam aquam frigidam in ollam ex 
putco, sicut in olla balnei sit et constitue in berchile canale, per quod egre- 
pone cucurbitas sive ventres, et sunt vasa dcstillatoria in foraminibus berchilis; 
et stringe cum panno lini discrete, ita quod bene sedeant in foraminibus suis, 
et vapor aqua* non egrediatur extra. Similiter, et capita corum stringes cum 
panno lini ... Et operatic ejus qux sit in terra nostra est servior et brevior, 
quam ilia, quam dixi. Et est, quod accipias ollam c\ xre sicut est ilia 
tinctorum, et pone post parieteni, ct pone supei cam coopertorium discrete 
factum, cum fornnunihus in quibus ventres ponuntur, et pone in co ventres 
cum sagacitate, et postea imple ollam aqua .... Operatic ejus sine aqua 
et cum igne carboruim est, quod facias furnum quadrum, aut rotundum, et 
habcat coopertorium superius, super quod stabunt ventres ex terra vitreata, 
ut possint sustinere ignem, et quando accendentur carbones, et incipiet aqua 
rosata destillarc, claude os furni, et dimitte foramina aperta, per qux 
fumus egrediatui." 

') "Descnbuntur in hoc libro prxter alia, destillationis modus triplex, 
aqux, aceti et vini destillatio, alembici et cucurbitx quatuor generum, vitrei, 
fictiles vitro incrustati, plumbei et xrci commemorantur." — Torbert Berg- 
niann, Historm* chcmid' medium seu obscurum aevum. Editio Hebenstreit. 
I.ipsix 1787. 

Liber Scn itoris seu libri XXVIII Bulchasin Ben-abera/erin: translates 
a Simone januensi: interprete Abraamo |udeo Tortuosiensi 1471. — Editio 
Veneti 1502. fol. 339 b, 341 b und 342. 
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pharmacy shared as well as chemistry. However, this phase 
in the process of the evolution was a very gradual one, accom- 
panied by ups and downs in the course of four centuries. 

As has already been pointed out (p. 17) the distillation of 
wine was probably known to the Indians and Egyptians. The 
oldest, definite, documentary evidence, however, is to be found 
in the Liber igniutn ad coniburendos hostes , an apocryphal 
treatise of the eighth century attributed to a mythical author, 
viz. Marcus Gracus. The directions for making a “water that 
will burn” are as follows: “Take black wine, add finely powdered 
sulphur, tartar and common salt and place all into a distilling 
vessel. Upon distillation you will obtain a water that will burn”. 
The texts of this treatise found in the library at Paris and in 
the University Library at Munich contain the following additional 
statement. “The peculiar property of this burning water can be 
demonstrated in the following manner: Dip a strip of linen into 
this water. When you ignite it a large flame will result. If you 
moisten a finger with this water and approach the fire with it, 
the finger will burn like a candle without being injured.” 

In the same treatise Marcus Graecus also describes the 
distillation of turpentine oil from turpentine in an alembic. 1 ) 
Supposing it to closely resemble the spirit of wine, he likewise 
designates it as aqua ardens. The synonymous designation 
ol both distillates was maintained for a long time. A distinct 
difference between the two was possibly not recognized before 
the beginning of the seventeenth century. The designation 
“ Spin (us ” ierpentini, however, is still in use at the present time. 

Further mention of the distillation of the spirit of wine is 
found in treatise of the twelfth century. One of these references, 
viz. the one found in the “Key to Dyeing” may here be mentioned. 
The treatise itself is a collection of technical formula, in part 
of Greek, in part of Roman origin, with Arabic addenda. The 
reference pertaining to spirit of wine reads as follows: “When 
strong wine is heated with salt in a suitable vessel, a combust- 
ible water results, which burns without destroying the substance 
on which it burns.” 

‘) “Recipe terebinthinam et destilla per alembicum aquam ardentem quam 
itnpones in vino cui applicatur candela et ardebit ipsa.” (E libro ignium 
ad comburendos hostes.) 
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With the downfall of Arabian civilization, the art of distil- 
lation as practiced by the Arabians appears largely to have been 
restricted to the distillation of alcohol. The better kinds of 
distilling apparatus that had been made by the Arabians, the 
cooling vat and the spiral tube (serpentina) which had been 
introduced by them, had been preserved and were revived for 
the production of the spirit of the wine, the “burnt” water. 

Among the “burnt” waters it was the “spirit of wine” which 
was early appreciated because of its animating effect. Being 
regarded as representing the highest potency of the wine, it 
found ready application in medicine. Thus the Cardinal Vitalis 
dc Furno of Basel, and Bishop of Albano, in the beginning of 
the fourteenth century declared that spirit of wine was a pana- 
cea. 1 ) Bishop Albcrtus iMagnus of Regensburg (Albert von Boll- 
staedt, bom 1193, died 1280) occupied himself with the distil- 
lation of wine, which process he described carefully in his 
writings. It was possibly Arnoldus Villanovus (Arnold de Bachuone, 
born 1235, died 1312) who first introduced the Arabic term 
“alcohol” into German nomenclature, in his treatise De con- 
servaniia juventute he describes its preparation in the following 
words: “Burnt water also known as aqua vitae, is obtained by 
the distillation of wine or wine yeast. It is the subtlest portion 
of the wine. Some say that it is “the everlasting water”, also 
that, because of its sublime method of preparation, it is the 
“gold water” of the alchemists. Its advantages are well known. 
It cures many diseases, prolongs life and hence deserves to be 
known as aqua vitiv.-)” 

With the distillation of turpentine oil :t ) and rosemary oil, 4 ) 
Villanovus was well acquainted. His oleum mirabile consisted 
essentially of an alcoholic solution of rosemary and turpentine 
oils. This mixture was sold by him or his disciples as an ex- 
ternal remedy and later, with the omission of the turpentine oil, 
as a perfume. Under the designation “Hungarian water” it 
remained for centuries a much used specialty. 

') Vitalis de Furno, Pro conservanda sanitate liber utilissimus. Editio 
Manget. Geneva 1531. Cap. 2, p. 12. 

’) Arnoldi Villanovi Opera omnia. Vencti 1505. Liber de vinis. p.558. 

•’) Arnoldi Villanovi Hreviarium practice, pnxvmium in opens omnibus 
cum N. Taurelli in quondam hhros annotationibus. Basilia* 1587, p. 1055. 

') Arnoldi Villanovi Opera omnia. Venetil505. Liber de vinis. p. 569—590. 
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Raymundus Lullus (born 1234, died 1315) the most famous 
of the disciples of Villanovus, in the second half of the thir- 
teenth century, described the distillation of the aqua vit<v aniens 
from wine and its refining. In order to obtain a liquid which 
would burn without leaving a moist residue, this rectification 
had to be repeated four times with the addition of burnt potash 
as dehydrating agent '). Of the alcohol he says: “ Est consolatio 
ultima corporis humanity* 

According to the alchcmistic nomenclature of that period, 
the spirit of wine repeatedly rectified was designated as Mer * 
curium vegetabile, Argentum vivum vegetabile and Caelum 
phi/osophorum :! ). It was regarded as possessing certain powers 
in the transmutation of the elements and as representing a first 
step in the preparation of the lapis phi/osophorum and the 
magistcrium magnum '). 

That “burnt wine” was a common article of commerce as 
early as the middle of the fourteenth century, also a beverage 
subject to abuse, becomes apparent from a collection of municipal 
ordinances of 1360 of the city of Frankfurt on the Main ft ). The 
municipal council of Nuernberg, in the year 1496, prohibited the 
sale of “gebranndt weyncs" on Sundays and holidays”). In 
other German cities similar ordinances were issued: e. g. in 
Hcssia in 1523, viz. under the Margrave Philipp 7 ), in Frank- 


') “Accipe vinum rubrurn vel album, ct sit dc mcliorc quod potent 
reperiri, vcl saltern capias vinum, quod non sit acetosum quo vis modo, 
ncque parum, neque minimum, et destilla aquam ardentem, sicut consuelum 
est pei cannas brachiales a:ris et postca rcctificata illam qualcr ad majorem 
rectificationem.” (Raiimindi Lulli Majority, Philosophi acutissimi, dc secretis 
untune virc Quinta essentia iihri duo. Anno 1541.) 

l ) Raymundi Lulli Testa men turn novissimurn. In Mangets Bibliotheca 
chcmica curiosn. Basilix 1572. Vol. It, p. 792. 

1 Euonymi Philiatri Kost barer tbcurer Schatz. Vol. I, p. 99. 

‘) Raiimindi Lulli Testamentum novissimurn. In Mangets Bibliotheca 
chemica curiosa. Basilix 1572. Vol. 1, p. 792 and 808. 

'•) Henrici Christiani Senckenberg Selecta juris et historiarum. Franco- 
furti 1734. Tom. 1. p. 44. 

") |. Baader, Nurnberger Polizeiordnungen aus dem fit. bis 15. Jahr - 
hundert. p. 264. 

7 ) Job. Beckmann, BeitrSge zur Gvschichte dcr trfindungen. Leipzig 
1786-1795. 



32 


Historical introduction. 


furt a. M. in 1582 also in 1605 1 ); likewise in Spain 2 ). Indeed 
the production of whiskey from cereals was regarded as an act 
displaying want of piety. Moreover, the adulteration of brandy 
with whiskey was punishable 8 ). On the other hand, brandy was 
introduced into Sweden in 1565, in the reign of Erich XIV, as 
an antidote against the plague 4 ). 

About the middle of the sixteenth century a distinction was 
made in German apothecary shops between the stronger Spiritus 
vini recti ficatissim us and the weaker Spiritus vini rectificatus 
simplex , also between both and brandy (aqua ardens) h ). During 
the second half of the sixteenth century Italy, more particularly 
Modena and Venice, appear to have supplied the more northern 
countries with spirit of wine' 1 ). 

The familiarity with which spirit of wine was used as early 
as the first half of the sixteenth century, becomes apparent 
from the " Cuelum philosophorum" T ), by Philipp Uistad, professor 
of medicine in Nuernberg. It was used for the preservation of 
meat, for the improvement of stale wine, for the extraction of 
spices and other parts of plants, hence for the preparation and 
utilization of alcoholic solutions of volatile oils, aromatic resins, 
and balsams. 

From the thirteenth century on distilled aromatic waters 
were used more extensively as medicaments. The separation 

‘) Job. F. Gmelin, Geschichte derChemie. Gottingen 1797. vol. 1, p. 360. 

*) Christophoro a Vega, De arte medendi. Lugduni 1564. Pars 2. 
Cap. 2, p. 237. 

a ) Joh. Beckmann, BeitrSge zur Geschichte der Erfindungen. Leipzig 
1786 1795. 

‘) P. ). Bergius, Tal om Stockholm fOr ar sedan och Stockholm nu 
fdrtiden. p. 100—101. B. Bergitis, Tal om ISkerhetcr. T. 1, p. 32—33. 

lob. Beckmann, Beitr&ge zur Geschichte der Erfindungen. Leipzig 
1786-1795. 

') Mohsen, Geschichte der Wissenschaften. 1810. p. 488—498. 

rt ) Alex. Tassoni Pensieri diversi. Venezia 1676. pp. 317 and 352. 

A. Baccius, De naturali vinorum historia et vinis Italix et conviviis 
antiquorum. I. vii. acc. dc facticiis vinis et cerevisiis, de omni vinorum usu. 
Roma 1596 and 1598. 

7 ) Philippi Ulstadii Cadum philosophorum, seu liber de secretis naturae, 
id est, quomodo ex rebus omnibus quinta essentia paretur. Argentorati 
1528 et 1562 Augusta; Trebocorum 1530 — Lugduni 1540 and 1553 — 
Parish 1543 - Francofurti 1600. 
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of oils both at the surface and beneath the aqueous distillate 
was observed, but apparently received but little attention* Owing 
to the practice of using alcohol in the preparation of many of 
these aromatic waters, the oil must frequently have remained 
in solution wholly or in part. Thus, e. g. the plants or plant 
products to be distilled were moistened with wine or aqua vita* 
before distillation; or, steeped in water, they were first allowed 
to undergo fermentation. Moreover, both alcohol and volatile 
oil were lost, in part at least, by submitting the plant products 
to a process known as circulation, a preliminary operation con- 
sisting of more or less prolonged digestion. In this manner 
inferior distilled or burnt waters were obtained. 

Nevertheless, several of the more important experimenters 
and writers of that period knew and described volatile oils, in 
addition to the oils of turpentine and rosemary already mentioned, 
Arnoldus Villanovus 1 ) and Raymundus Lullus*) describe the 
distillation of oil of sage; Sancto Amando 8 ) that of bitter almond 
oil, oil of rue and oil of cinnamon; Saladinus of Aesculo 4 ) that 
of oil of rose and oil of sandalwood. The writings of their 
contemporaries also reveal a knowledge of these and other distilled 
oils without, however, making mention of their use in medicine 
or the arts. 

The epoch-making inventions and discoveries of the fourteenth 
and fifteenth centuries wrought great changes in the natural 
sciences and their application. The discovery of the new world, 
made possible by the rediscovery of the compass, and the circum- 
navigation of Africa to the East Indies widened the horizon of 
the people. The period of the Renaissance and the Reformation 
assisted in doing away with the blind faith in authority, not only 

') Amoldi Villanovi Opera omnia . Veneti 1505. Liber de vinis, fol. 
589—590. 

*) Raimundi Lulli Experimenta nova. In Manget's Bibliotheca chemica 
curiosa. Geneva 1702. Vol. 5, fol. 829. 

®) Expositio joannis de Sancto Amando Supra Antidotarium Micolai 
incipit fe/iciter. In the same edition with the works of Mesue. Veneti 1502. 
fol. 228 and Additiones fol. 85, 88, 87. 

‘) Compendium aromatiorum Saladini, principis Tarenti dignissimi, medici 
diligentis, correctum et emendatum. Bononx 1488. Editio Veneti 1471, 1488 
and 1502. fol. 349b. 
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in theology but in the natural sciences as well, more particularly 
in medicine and alchemy. The founding of universities to the 
nord of the Alps during the fourteenth and fifteenth centuries, 
and the invention of printing with type toward the close of the 
fifteenth century, which followed wood engraving invented in the 
previous century, assisted largely in revealing anew the literary 
treasures of the past. 

Up to this time all treatises had to be multiplied in manuscript 
form. Presumably, therefore, many discoveries were known only 
to small circles and by no means to all scientists and investi- 
gators. No doubt, much disconnected work was done by some 
that was long known to others. As a result, the first discovery 
e. g. of a process or product, has never been traced. Moreover, 
as a result of tradition from one generation to another, from 
one country to another, much was lost 1 ) even though recorded 
in manuscripts. Or, if inadequately recorded, it was not under- 
stood. Furthermore, it was the practice among alchemists, to 
use an allegorical language for the purpose of surrounding their 
treatises with a mysticism suited to their spagyric art and science. 
Hence these treatises were comprehensible only to the initiated. 
There was still another reason why the seeking for the lapis 
philosophorum was surrounded by a mystic language. It was 
done partly to cover up the alchemist’s own uncertainties, partly 
to render it more difficult for others to find the much coveted 
solution to the secret. At the same time each adept, experimenting 
in his own secluded laboratory, supposed that the others already 
possessed the secret. 

It was with the gradual introduction of printed books during 
the beginning of the sixteenth century, that the treatises of the 
past became more and more the common property of those 
versed in science and reading. Up to this time, and even in 
later times, much that had been known to and practiced by 
individuals, was lost and had to be rediscovered. 

This is true of the methods of distillation and of the apparatus 
used. Thus the apocryphal treatises of antiquity seem to show 
that the early method of primitive distillation was discovered by 
peoples widely separated both as to locality and time. Frequently 

') Compare c. g. the quotation from Adam l.onicer on p. 49. 
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there is no record of the direct transmittance of the art from 
one people to another. Wherever such transmittance may have 
taken place, it appears to have led less to a technical accomplish- 
ment than to a general stimulus. 

In the history of special peoples, cultural stages are found, 
in the evolution of their trades as well as in their literary pro- 
ductions, which arc fundamentally related both to their material 
development and their political changes. Hence, the former can 
be fully understood only when considered in connection with 
the latter. Material and national welfare appear in history as 
a rule contemporaneously with intellectual and industrial 
achievement. 

As to the discovery of natural products, the knowledge and 
separation of their components, and the utilization of these dis- 
coveries in materia inedica and medicine, a new epoch was in- 
augurated, at the time of the reformation, by Paracelsus and 
others. With it the practice of the art of distillation was again 
conducted into proper channels. Thus it was made serviceable 
to materia medica and later to the trades. As a result there 
were produced in the course of time, an ever increasing 
number of important products. In addition to the production 
of alcohol, there should be mentioned the distilled aromatic 
waters which were highly prized and used in medicine for 
nearly three centuries. These were followed later by the distil- 
led oils. 

In the course of the twelfth and thirteenth centuries the 
art of distillation, which had been developed first by the Egyptians 
and later by the Arabians, was practiced but little. 1 ) Hence, the 
methods and apparatus had been forgotten and had to be redis- 
covered. This rcintroduction and rediscovery was furthered 
toward the end of the thirteenth and the beginning of the four- 
teenth centuries by the principal alchemists and physicians of 
that period, viz. by the Cardinal Vitalis de Furno of Basel (died 
1327), the Bolognese teacher Thaddeus (Taddeo Alderotti, born 
1215, died 1303), Arnoldus Villanovus (Arnold de Bachuone of 
Villeneuve or Villanova, born 1235, died 1312) and Raymondus 
Lullus (born 1235, died 1315). With this period, the distilling 


') Compare pp. 17, 24 and 26. 
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apparatus again found their way into the work shops of 
physicians and alchemists, became increasingly important and 
were accordingly improved. As the art of pharmacy was separated 
more and more from that of medicine, and as apothecary shops 
were established in larger numbers, the art of distillation gained 
admission to the laboratories attached to these shops. Carefully 
nursed, the art of distillation here developed into an important 
industry viz. that of the production of volatile oils. 

As a result, the progress made by the art of distillation 
henceforth is primarily to be sought in the literature on materia 
medica, as this had already been the case in the earlier Arabian 
medical treatises, viz. the antidotaries, e. g. the Grabaddin and 
other treatises. With the printing of books the number of 
medical treatises increased. Although they afford information 
concerning the time of introduction of drugs and distilled waters, 
and hence are of permanent interest to the student of materia 
medica, they are less satisfactory as sources of information con- 
cerning the production and introduction of distilled oils. Neverthe- 
less, even for this purpose they constitute almost the only avail- 
able literary sources. 

The numerous works that came under consideration may 
be classed into three groups of equal importance: the anti- 
dotaries and the later dispensatories ; the treatises on distillation 
which occupied a prominent position from the close of the fif- 
teenth century to the close of the sixteenth century; and the 
price ordinances of various cities for spices and drugs which 
had come into use about the same time. 

As already pointed out, the term "distilled” oils should not 
necessarily be interpreted in the same sense as we use it to-day 
The ancients had already known how to obtain fragrant oils by 
boiling seeds, fruits and other parts of plants with water also 
by cold and warm expression. These were used in the pre- 
paration of aromatic oils and ointments. However, all exact 
knowledge concerning the nature of these oils was wanting. 
Up to the seventeenth century this was equally true of the oils, 
obtained in all probability by the process of distillation, by the 
Indians, the Egyptians and later peoples. Neither was there 
any clear conception as to the distinction between fatty, ex- 
pressed oils and distilled, aromatic oils. 
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Far into the middle ages, the designation “distillation” was 
used as a collective term for the preparation, according to the 
rules of the art, of plant and animal extracts and their supposed 
refinement. For this process of rectification, various methods 
and sources of heat also diverse utensils were used. The general 
term included such processes as maceration, digestion, straining, 
filtration, expression and sometimes even the processes of fermen- 
tation and decay. 1 ) With the exception of turpentine or cedar 
oil those products mentioned in older literature as oils, or even 
as distilled oils, arc to be regarded as fatty oils which have 
been aromatized and which were used for medicinal purposes 
and as unguents. 

Whether the oils of rose, andropogon, and calamus, mentioned 
in the Ayur-Veda as distilled oils, were such in the modern 
sense of the term, can not be decided. The same doubt exists 
as to the oils of spike, rosemary arid sage, as well as of other 
oils of later writers. As has already been pointed out, the art 
of distillation, known at an early period, may have fallen into 
disuse and have been forgotten. 

Although, in all probability, the Indians, the Babylonians, 
and especially the Egyptians were acquainted with the art of 
distillation, also with volatile oils, a sharp distinction between 
true distilled oils and aromatized fatty oils does not seem to 
have existed at the beginning of the Christian era. The latter 
were used principally for the purposes of cleanliness and well- 
being, also in religious rites, such as anointing and embalming. 
Hence the simpler process of aromatizing fatty oils may have 
been preferred by the priests. In accordance with this assumption 
are the directions for the preparation of rose oil, a supposedly 
“distilled oil" by Dioscoridcs,-) copied by Pliny’ 1 ) during the 
first century. 

Compare p. 33. 

*) Petri Andre® Matthioli Opera quae extant omnia: hoc est Com- 
mentarii in sex iihris Pedacei Dioscoridis Anazarbei de materia medics. 
Post diversarum editionum coliationem infinitis locis aucti. De ratione 
desti/Iandi aquas ex omnibus p/antis; et quomodo genuini odores in 
ipsis aquis conservari possint. Veneti 1544 — Basiliae 1565. Uber 1, 
cap. 53. 

8 ) Plinii Secundi Natural is historic iibri. Liber XIII, cap. 2, 
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“Five and one-half pounds of bruised /uncus odoratus (probably Andro- 
pogon Schcenanthus, L.) are boiled with 201/2 pounds of oil with constant 
stirring. Into the strained liquid the floral leaves of 1000 roses free from 
moisture are pressed with hands that have been anointed with fragrant honey. 
After standing over night the oil is expressed. After all impurities have 
subsided the oil is decanted into another vessel and the expressed rose petals 
are treated with a second quantity of 8 1 2 pounds of fresh oil. After standing 
for a day the oil is again expressed. This is the Oleum secundarium. If 
a third and fourth maceration are to be made, oil is again poured on the 
roses and as often expressed. Thus the Ungucntum primarium, secundarium, 
tertiarium and quartarium are prepared. 

The vessel, however, must each time be covered with a film of honey. 
If the maceration is to be repeated a second time, a like quantity of fresh 
rose petals free from moisture is immersed into the oil first expressed. The 
mixture is kneaded with hands anointed with honey. In like manner the oil 
is expressed a second, third and fourth time, and each time rose leaves free 
from the calix are added. In this way the oil becomes much stronger. Up 
to a seventh infusion the same oil can he used but no farther. Furthermore, 
the oil should be carefully separated fiom the aqueous juice, for the oil will 
spoil if any of this juice remains with the oil." 1 ) 

A single distilled oil, however, was known as early as the first 
century, viz. turpentine oil. Its peculiar .method of preparation, as 
well as the apparatus used, are described in the chapter on the 
“History of the methods of distillation and distilling apparatus.” 

Taking into consideration the early acquaintance of distilled 
oils by ancient peoples and later by the Arabians, it can scarcely 
be doubted that the oils which must have separated on the sur- 
face of “burnt waters” during the process of distillation of 
aromatic plants and spices, practiced so diligently during the 
fifteenth century, could have escaped attention. Being regarded 
as coarser particles they probably received little attention and 
hence found no application, for the therapeutically active waters 
alone were the only object of the distillation. Thus, while it is 
known from other sources that a number of distilled oils were 
known, one of the oldest price lists of drugs and spices, viz. the 
one of the city of Frankfurt-on-the-Main of 1450 does not mention 
a single distilled oil. 2 ) However, a similar list of the same city 

’) From the German translation of the works of Dioscorides in Tromms- 
dorffs jotirn. der Pharm. 11 (1803), 112. 

‘‘I ha sunt nomina medicinarum simplicium sive materialium quae ad 
apothecam requirentur. In gene re et in specie. Published as a separate 
by Prof. F. A. Fluckiger in 1873 with the title “Die Frankfurter Listed 
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for the year 1582 mentions forty-two volatile oils/) and a further 
list of 1587 fifty-nine such oils. 9 ) 

At the close of the fifteenth century the art of distillation 
and the distillation of aromatic waters were greatly advanced 
by the first larger treatise on distillation, viz. the Destillirbuch 
of the Strassburg physician Hieronymus Brunschwig (bom abt. 
1450, died abt. 1534) which was published in the year 1500. 
The book is illustrated by numerous cuts of stills and utensils, 
likewise of the plants used in the preparation of “burnt waters." 
In some editions, these cuts were colored. The title pages of 
the two voluminous folios, which were printed in 1500 and 1507, 
are of special interest in the history of distillation. Reduced 
facsimile reproductions will be found on pages 40 and 41. 

The first volume contains 212 paged leaves (424 pages), 
the second volume 344 leaves (688 pages). The work is devoted 
mainly to a description of the methods of preparation of the 
much lauded 3 ) “burnt waters,” accompanied by directions for 
their use and an explanation of their action. In addition it 
contains directions for the preparation of numerous “burnt 

') Register ailer Apotbekiscben Simplicien und Compositcn, so in den 
beiden /lessen zu /' rankfurt dm Main diirvh Materidlistvn, Kauffleut, Wurzef- 
trliger, Kraut/er und dumb die Apotbekcr dasefbst verkauft werden. Frank- 
furt-on-the-M. 1582. 

J ) fa format to oder erncute Ordnung der hei/ig Reidistadt /rankfurt a. M„ 
die PHcge der Ciesundbeit hetreffend. Den Mcdicis, Apothckern und Materia - 
listen zur Nachricbtigung gegeben. Darncben den Tax und Werth der Arz- 
neien, welchc in den Apotheken a/fda zu finden. 1587. 

■') The praises of the “burnt waters" were sung in prose and verse. 
Of the more prominent writings the following may be mentioned: Loblied 
voin branntewein. Wem der geprant wein nutz sey oder schad. un wie er 
gereebt oder falscblich gemacht sey. getruckt zu Bambcrgk von marxen 
Ayrer. Unnd Hannsen Pemecker in dent Zinkenwerd. in 1493 jar. Reprinted 
in: )oh. Beckmann, BcitrSge zur Gcschichte der Erfindungen. Leipzig 
1786 - 1795. Bd. II, Abt. 2, S. 277 288. 

Michael Schrick, Nutzlich Buchlein von Kunst und Tugend der ge- 
prenten Wassem. getruckt am 28. Mai zu Numberg 1517. New editions 
appeared in 1529 and 1601. 

By Hubertus Barlandius in Namur: Epistola medica de aquarum 
dcsti/latarum facultatihus. Antwerpi* 1536. 

By the Canon Remaclius Fuchsius in Lifcge: Historia omnium aquarum, 
quae in commune hodie practicantium sunt usu, vires et recta destil/andi 
ratio. Parisii 1542 — Veneti 1542. 
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wines," elixirs of life, and simple and complex oils and 
balsams. 

The lesser significance of the volatile oils becomes apparent 
from the fact that, in spite of the thorough knowledge and even 
practical experience of the author, but a single volatile oil, viz., 
the oleum spicae ,') is mentioned and described in the first 
volume; and in the second volume only three additional ones, 
viz. oleum terebinth inae,-) oleum ligni j uni per/*) and oleum 
rosmarini}) 

In harmony with the knowledge of his times, are Brun- 
schwig’s views as to the nature and products of distillation. 
These arc recorded in the following words in the introduction 
to the first volume of his treatise on distillation: “By distillation 
we understand nothing else than the separation of the subtle 
from the coarse, the coarse from the subtle, to render the fragile 
or destructible indestructible, the material immaterial, the bodily 
spiritual, the unhandsome handsome." 

Ambiguous as were the conceptions of the nature of the 
constituents of the distilled parts of plants and their distillates, 
the technique of distillation, as becomes apparent from the next 
chapter, was well developed. Tor this very reason it seems 
strange that no mention is made of the observation of oils when 
such aromatic plant products as the umbelliferous fruits, the 
labiate leaves, juniper berries, cloves, cinnamon and other spices 

') Vol. I, fol. 72. krut von de lateinischen lavcndula und in tut- 

scher zungen lavender genannt , ist cin krut gemeinig/ich yederman bekant, 
dock so ist syn / weingestalt , das ein von den lateinischen spicu/a und von 
den tiitschen spiv genant, des vyl wachsen ist in deni lant provinz. Zu 
dyser ?yt ouch in tiitscher nation g/ich deni genieinen lavender , von des 
blurnen ein 01 wird gernachet mit putrisieren un dystiUieren genant oleum 
de spies ." 

Vol. I, fol. 33, cap. 25. The rectification of turpentine oil by repeated 
shaking with water, rosewater or wine and final distillation is also described. 

') Vol. II, fol. 289. 

*) Vol. II, fol. 52, also oleum benedictum compositum (fol. 53). Both 
are distillates from rosemary, turpentine, frankincense, mastix, ammoniacum, 
galbanum, oppopanax, cloves and cinnamon. 

In Vol. 1, liber 4, fol. 271— 272 are likewise found descriptions for the 
preparation of a number of aromatic balsams (mixtures of volatile oils) by 
the distillation of mixtures of resins and spices to which turpentine oil has 
been added. 
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were subjected to distillation with water. Some of these non- 
aqueous “subtle” parts must have risen to the surface of the 
aqueous distillate, others must have collected at the bottom of 
the receiver, still others must have congealed. This silence is 
all the more remarkable since the specific object of distillation 
consisted in the separation and isolation of the volatile, the 
subtle, the quinta essentia from crude plant products and 
other natural objects; and since such oily separations had been 
known much earlier and had been mentioned in the literature 
of earlier periods. 

The explanation for this lack of correct observation and 
the ambiguity of views as to the nature of the products of distil- 
lation is possibly to be sought in the change which the concept 
quinta essentia underwent in the course of time. Originally 
applied to the spirit of wine only, 1 ) it was later applied to aro- 
matic and cmpyreumatic oils, even to acetic acid 2 ) and other 
products of distillation. 

The treatise of Brunschwig, which had received general 
recognition became the precursor of numerous other treatises 
on distillation which appeared in the course of the sixteenth 
century. They reflect the height of the faith which the medicine 
of that period had in the “burnt waters" and in the miraculous 
powers of the “most subtle" powers obtained from natural ob- 
jects by distillation. Of the numerous treatises that made their 
appearance during the sixteenth century, the following are parti- 
cularly worth mentioning, not only because of the fame of their 
authors, but also because of the influence which they exerted 
on the development of the art of distillation, and on a better 
understanding of the distilled oils, viz. those of 

Philipp Ulstad, 3 ) physician and professor of medicine in Nuern- 

‘) Liber de arte destiflandi. Vol. I, vol. 18 and 19. Brunschwig was 
well acquainted with the preparation of spirit of wine, not only by the distil- 
lation of wine, but also by that of fermented honey (vol. 11, liber 1, cap. 14 
and 28), of fermented fruit juices (vol. II, cap. 18), also by the fermentation 
and distillation of herbs, roots and flowers (vol. li, cap. 19). 

*) Ibidem. Vol. II, cap. 26. 

*) Philippi Ulstadii Coe/um Phi/osophomm , seu liber de secretis 
naturae tractatus, id est, quomodo ex rebus omnibus Quinta essentia paretur. 
Argentorati 1543 u. 1528 — August® Treboc. 1530 - Lugduni 1540 u. 1553 
- Parisii 1543 — Francofurti 1600. 
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berg (at the beginning of the 16. century), Walter Hermann 
Reiff (Ryff),*) surgeon in Strassburg (in the first half of the 
16. century), Pierandrea Matthioli 4 ) (born 1501 in Siena, died 1577 
in Trient), Rcmaclius Fuchs :t ) (born 1510 in Limburg, died 1587 
in Brussels), Valerius Cordus*) (born 1515 in Simshausen in 
Hessia, died 1544 in Rome), Conrad Gcsner ft ) (Euonymus Phili- 
atrus, born 1516, died 1565 in Zuerich), Adam Lonicer' 1 ) (born 1528, 
died 1586), Giovanni Baptista della Porta 7 ) (born 1537, died 1615 

’) H. Gualtherus Ryff, lieu gross Destillirbuch w ohl gegriindeter kiinst- 
I idler Destination, rrancofurti 155b. (See p. 46.) 

*) Retri Andrea: Matthioli Medici Ca a sarii et Fernandi Archiducis Austrian 
Opera quit extant omnia: hoc est Conimentarii in sex libris Pedacei 
Dioscoridis Anazarbei cie materia medica. Post diversamm editionum colla- 
tionem infinitis lods aticti: be ratione destillandi aquas ex omnibus 
plant is; et quomodo genu ini odores in ipsis aquis conservari possint. 
Vcneti 1544 Basilic 15b5. 

n ) Remaclii hichsii Historia omnium aquarum, qux in commune hodie 
practicantium sunt usu, \ ires et recta destillandi ratio. Veneti 1 542 Parisii 1 542. 

‘) Valerii Cordi Simesnsii Arinutationes in Pedacei Dioscoridis Anazar- 
bei de materia medica libros quinque, huge ah.v quam ante hac sunt 
vmutgatx. hjusdem histoiix stirpium libri quatuor, et de artificiosis ex- 
tractionibus fiber. Tiguri 1540. 

After the death of Cordus this work was published with additions 
tlhrti ( iermanix ) and comments by Conrad Oesner in Zuerich. Several 
editions appeared in 1557, 1561 and 158.'}. 

Thesaurus Euonymi Philiatri de remediis secretis ; liber physicus, 
medic us et partim etiam chy miens et cvconomicus in vinorum diversi sapores 
apparatus media's et phaunacopolts omnibus pnecipue necessarius. Tiguri 
1552. Liber I. be destiflatione ejusque differentiis in genere. Auctor est 
Conradus Gesnerus. Tiguri. 

The German edition bears the following title: Pin kostlicher Schatz 
F.uonymi Philiatri darinn enthalten sind \iel hcimlicher guter stuck dcr 
artzney, verteutseht durcb Joh. Rud. Landenberger. Zurich 1555. 

“) Adami Loniceri, l)er Armey Doctor und weiland Ordinarii Primarii 
Physici zu Francfurt am Meyn, HrSutcrbucb und kunstliebe Conterfeyungen 
der BSumen, Stauden, Hecken, KrSutem, Getrayde, Gewurzen und nutzlicben 

Ktinst zu destilliren -- Auf das allerfleissigste uberschen, corrigirt 

und verbessert durch Petrum Uffenbachium, Ordin. Physicus in Francfurt 
am Meyn. Ulm, anno dei 1551, 1573 und 1589. 

‘) |oh. Baptista? Porta; Neapolitan!’, Magix Naturalis libri viginti, in 
qnibus scientiarum naturalium divitix et delieix demonstrantur. Jam de 
novo, ah omnibus mend is repurgati t in lucem prodierunt. Liber decimus: 
Destillat, destillata ad fastigia virium sustollit. Ravenna; 1565 — Ant- 
werpia? 1567 — Neapoli 1589 — Hanovis 1619. 
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in Rome), Geronimo Rossi 1 ) (Hieronymus Rubeus, bom 1539 in 
Ravenna, died 1607 in Rome), C. C. Kunrath 9 ) (about the middle 
of the 16. century) and Jacob Besson 8 ) (about the middle of the 
16. century). 

Mext to Brunschwig's treatise on distillation, those of Ulstad 
and Ryff are given priority. Not only were they frequently 
quoted by the later authors but the illustrations were invariably 
copied from the two volumes of Brunschwig and the next oldest 
treatise by Ulstad. Possibly Brunschwig and Ulstad obtained 
their illustrative material from Arabian sources. 

About twenty-five years after the appearance of Brunschwig's 
treatise, the above mentioned smaller treatise on distillation by 
the Nuernberg physician Philipp Ulstad was used almost equally 
extensively. 4 ) 

It was published in Strassburg in 1526 and was shortly 
thereafter reprinted in Paris, Leyden, Frankfurt and elsewhere. 

In 57 chapters the book supplies direction for the preparation of the 
supposed Quinta essentia by means of curious methods of circulation and 
distillation, which will be found mentioned in a subsequent chapter. The 
detailed explanations of the nature of the "fifth being" are merely a circum- 
scription of the conventional ideas about distillation and the products of 
distillation already mentioned in connection with Brunschwig (p. 41). In 

‘) Hieronymi Rubei Ravennatis De destHlatione liber, in quo sti/la- 
titiorum liquorum, qui ad medicinam faciuntur, metbodus ac vires explicantur. 
Ravenna: 1580 and 1582, Basilia: 1581 and 1585. 

-’) C. C. Cunrathii Medulla desti/latoria et medica, oder Bericht, wie 
man den Spiritus vini zur Exultation bringen so/I. Leipzig 1549. 

■) Jacobi Bessonii De absoluta ratione extrahendi aquas et o/ea ex 
medicamentis simp/icibus a quodam empirico accepta et a Bessonio locuple - 
tata, experimentis confirmata. Tiguri 1559. — A French edition appeared 
in Paris 1573. 

*) Philippi Ulstadii, patris nobilis Caelum Phi/osophorum seu liber de 
secretis naturae, id est: quomodo nun solum e vino , sed etiam ex omni- 
bus metal/is, fructibus, radicibus, herbis etc. Quinta essentia, sive aqua 
vitae, ad conservationem humani corporis educi debeat. Argentor. 1526 and 
1528 - Lugduni 1540 and 1553 - Parish* 1543 - August. Treboc. 1553 - 
Francofurti 1600. 

The German edition bears the following title: Dess Ed/en und Hoch * 
erfahrenen fierm Philippi Ulstadii von Nurmbcrg Bucblein von Heimlig - 
keiten der Natur, jetzund verdeutischt. Frankfurt am Mayn 1551. 

The French translation which appeared in Paris in 1547 bears the title: 
Le Ciel des pbibsophes ou secrets de la nature. Paris 1547. 
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general, the aim of all of the cumbersome processes described by Ulstad, is 
the separation of the spirit of all substances from their earthy body. This 
quinta essentia in turn practically resolves itself either into a spirit of wine, 
more or less strong and aromatised by means of plant or animal products, 
or into a spirituous solution of metallic acetates (aurum potabile). All plant 
products, even apples, pears, cherries etc. further human blood, urine and 
other “subtle animal products" are subjected to cumbersome “digestion" and 
“circulation, i. e. to prolonged fermentation and putrefaction. Finally, “the 
spirit" is distilled and repeatedly rectified. 

For the preparation of this "spirit" and that of a number of farfamed 
uqux vitx the book provides exact directions. 

Inasmuch as all of these distillates (QuinUv essentia e) are 
strongly alcoholic, Ulstad had no knowledge of distilled oils and 
hence docs not mention them in his treatise. This is true in 
spite of the fact that his aqua l» vitx arc distilled from strongly 
aromatic spices and other plant products with wine. 

The value which the works of Brunschwig and Ulstad have 
today in the history of distillation lies in the detailed and careful 
description of the apparatus and methods of distillation and the 
illustrations thereof. 

About 56 years after the appearance of Brunschwig’s “Destillir- 
buch" and 28 years after that of the first edition of Ulstad’s 
Caelum Phiiosopiiorum, Walter Reiff (Gualthcrus Ryff), J ) a surgeon 
in Strassburg during the first half of the sixteenth century, 
published a third treatise on distillation which was held in high 
repute for a long time. It has the following title: 

/Yew gross Destillirbudi, wohl gegn'indeter kunst/icber Destination, 
sampt underweisung und hericht, kunst/icb abzuziehen oder Separiren die 
furnembste destitlirte Wasser, kOstiiche aqua l * vitx, Quintam essentiam, 
hvilsame oel, Balsam und derg/cycben vielgiiter Abzuge . Recht kiinstfich 
und vie/ auff bequeme art dann hisher, auch mit bequemerem Zeug der 
Gcfass und Instrument, dcs gan/en Destillirzeugs von Kreutcrn, li/urnen, 
Wurze/n, frucbteri, Getbier unnd anderen stucken, darinnen natiirliche feuchte 
unnd Elenwntische kraf/t, einlach oder mancher/ey gesta/t vermischt und 
comport irt; durUi H. Qua! the rum Ryff, Medicurn # chirurgum, Agentinen- 
sem, getruckt zu f 'rankfurt a. m. bei Christian tigenolff's sehgen Erben im 
iar 155b. 

This treatise is supplied with numerous colored illustrations 
of plants, also with cuts of furnaces and utensils used in distil- 
lation. Its succinct text reveals technical knowledge, as a result 

') He lived during the middle of the 16 . century-. 
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of which the book demanded considerable respect, was widely 
distributed, and repeatedly imitated. The personality of the 
author finds expression even in the preface in which he fear- 
lessly criticises contemporary authors, more particularly Theo- 
phrastus Paracelsus, 1 ) the reformer of medicine. The folio of 197 
leaves (394 pages) is divided into four parts. The first part 
of 52 pages is devoted to the explanation and description of the 
art of distillation and of the utensils used, in parts two and three 
the preparation and action of the distilled waters are described, 
and in the fourth part the preparation of the Aqu<v vitx , of oils 
and balsams. 

Distillation is explained in a manner similar to that of Brun- 
schwig given 56 years before, but it is more explicit (fol. 45): 

“Die rechte griindliche Distillation an ir selbs ist rue fits anders, dann 
ein ahzug dcr naturlichen fcuchten von geweebs, oder anderv irdischen 
rnateri, durvh gewalt dvr hitz nbgezagc oder abgetriebe. So/che herrficbe 
kunst ist den it/ten ( iricchiscben Srzten und Pbilosopben unbekannt gewesen 
und ein netier fundt und jufbringcns der nachkommvnden, nun they! cr- 
dacht und nutzlkh erfurtden » on wegen der zartigkc/t der mensclten discr 

zeit, so aflcin, uvu.v in aucb woblsebmeeket, fiir nutzUcb achten 

dann z.u detn dass sokbe kunst belie Ahstractiones, odcr gcdcstil/ierte wus- 
ser, 01, aquae vit;v, und andcre dcrgleichen stuck sebr nutzlicb und kunst- 
Itch, also, dass sie ir gewaltige Wirkung , welchc sic vermOgen in menscb- 
liebem cOrper zu erzeygen, ganz augenschcinlich dartbun und wirken 

Es bahen aber die natur/icben Pbilosnphi so/che Kunst des Desti/lierens 
erstlich abgcnomrnen in nachfu/gung der natur, we/che natur in der grOssern 
welt dureb krafft und maeht der Sonnen und bitz die dlimpff in der erden 

*) The following bit of criticism by Ryff may here be quoted: "Es wird 
die hocblObliche Artz.nei nit aus Kr&uttcrbuchern oder aus sch/vebteni 
teutseben schreiben gelernet, wie leyder jetzo solche kunst nit in gcringen 
missbrauch kompt vtles teutsebes unformiges sebreibens balber, welches 
aucb von etheben die grosser r name in medicina haben wO/len geschicbt. 
Aus so/cbem schreiben will dann jeder artzniren unn geschicbt dardurch, 
dass der gemein man und etliche geaebte lent iren leih anvertrawen einem 
Zanbrechcr, Juden, Moench und a/ten vettcln. Dann bei diesen gilt mehr 
das geschwetz und der rhum, dann die ware kunst. Wie da sagt das carmen : 
Saepe rudes tantum tacit ostentatio doctos, 

Stepius base rudibus nomina magna dedit. 

Das ist : 

Kannst du dich daptfer geben aus, 

Mit rhum und schwatz hocb prangen raus, 

So wirst du haben rhum und gunst, 

Ob du g/eich seist ein esel sunst " 
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verborgen, furnemlich von wasser und feuchtigkeyt auffzeuchet, oder auff- 
treibet bis in die mitler region des luffts , von welcher sie zusammen ge- 
triben werden in einn nebel und wolkcn, so sich dann der selbig zerspreytet 
und schme/zet in Regen, Schnee oder Hagel, fa/let er widerum herab zur 
erden 

So/che natiiriiche abziehung der feuchte von eim ding und gewechs 
haben unsere vorfabren abgenornmen aus obgeme/ter wirkung. Haben also 
die materi, von welcher sie so/cbe feucbte haben abziehen wol/en, in ein 
grosser Gescbire, so unden in die runde weit mil einem Bauch zusammen 
getbon, welches Instrument sich in der proportion der Spheren, darinnen 
wasser und erdreich versammelt, vcrgleicht wirt. So nun so/cbe feuchte 
von dcr underlegten hitz verdunnert und gesubti/iert, wird sie obersich ge- 
triben, wo sich solcbe aufsteigende vapores wider erkuleten unnd von der 
ke/te gedensiert, sich dann in wasser zerlassende oder zerschmeizend, 
welcher durch solchs obergefess hequem/icher aussgefuhrt, gesammelt und 
zu mancher/ey nutzharkeyt beha/ten und gebraucht werde (New gross 
Destillirbuch, fob 175 189.) 

In the last part of the book he also describes “the correct 
method of preparing by distillation, according to the rules of 
art, several precious oils”. These are distilled, some of them 
with wine, from myrrh, liquid storax, sagapenum, opopanax, 
ammoniac, styrax calamita, sacocolla, benzoin, labdanum, galba- 
num, turpentine, mastic, sandarac, guaiac wood, rosemary, spike, 
anise, cloves, cinnamon, mace, safron, and from various mix- 
tures of spices (balsams). 

Under spike and lavender oils (fol. 186) he mentions that 
these oils are commonly imported from France in small bottles 
and sold at a high price. 1 ) 

How little Ryff knew about the nature of volatile oils and 
how primitive were his methods of preparation, becomes apparent 
from fol. 187 and 188 of his “Destillirbuch” where he describes 
“how from several strong and good spices precious oils can be 
distilled.” To prepare specially good oils from cloves, nutmeg, 

’) In the “Reformirte Apothek" published by Gualtherus Ryff in 1563 the 
following interesting statement is found (fol. 191): "When lavender flowers 
are distilled, a very fragrant oil usually floats on the surface. In the French 
Provence, about Marbona, where this plant grows abundantly, a specialty is 
made of the distillation of this oil. Oils are likewise distilled there from 
other useful and fragrant herbs, flowers, fruits and roots." 

This statement is of historical interest since it is probably the earliest 
reference in German literature to the volatile oil industry which apparently 
existed in Trance as early as the 16. century. 
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pointed out, the treatises mentioned above were not only re- 
printed but imitated in Germany as well as outside of Germany. 

The professional scholars of this period who were most 
prominent because of their comprehensive knowledge and literary 
activity were Valerius Cordus and Conrad Gesner. Their works 
appeared about the middle of the sixteenth century and some- 
what later. They were not only modeled after the earlier treatises 
but excelled them by a more thorough knowledge, by clearer 
exposition, and by greater wealth of material. Hence they were 
generally appreciated and recognized by municipal authorities. 

Valerius Cordus (born 1515 in Simshausen, Upper Hessia; 
died 1544 in Rome), whose father was Professor of Medicine 
in Marburg, studied medicine at his home receiving the academic 
baccalaureate in 1531 . In the same year he went to Wittenberg to 
attend the lectures by Mclanchthon. Having soon obtained the 
vvnia docendi, he lectured on the Materia medica of Dioscoridcs. 

These lectures of Cordus appears to have put down in writing. 
Five years after his death the German translation of these lec- 
tures was published in Frankfurt-on-the-Main by Ruellius. The 
commentaries on Dioscoridcs, also other scientific writings by 
Cordus were published in 1561 (possibly as early as 1557) by 
Conrad Gesner of Zuerich (born 1516, died 1565), who was a 
many sided scholar and a profuse medical writer. To the 
commentaries of Cordus were added not only additions by Gesner 
but an entire treatise by the latter. 1 ) Only a single treatise 

M This folio bears the following title: In hoc voltimine continents 
Valerii Cordi Snnesusii Annotationes in Pedaceii Dioscoridis Anazarbei de 
medica materia libros qitinque longe aide quam antea sunt hac sunt evulgatat. 

Ujusdem Vai. Cordi Historic stirpium libri quatuor posthumi nunc primum 
in lucem editi, adjectis ctiam stirpium iconibus et hrevissimis Annotatiunculis. 
Sylva qua rerum fossilium in Germania plurimarum. Metallorum, Lapidum et 
Stirpium aliquot rariorum noticiam brevissime persequitur, nunc hactenus visa. 

i)e artificiosis extractionibus liber. Compositiones medicinales ali- 
quot non vulgares. - Hie accedunt Stockhornii et Nessi in Bernatium 
Helvetiorum ditionc month/ m, et nascentium in eis stirpium, descriptio 
Bencdicti Aretii Grate , t et Hebraic a* linguarum in scbola Bernensi pro- 
fessoris clarissimi. Item Conradi Gesneri De Hortis Germanise liber recens 
una cum descriptione Tulip, v Turcarum, Chamatcerasi montani, Chamae- 
op/ti, Cbatmeenrii et Conizoidis. — Omnia summo studio atque industria 
doctissima atque excellent is viri Conr. Gesneri medici Tigurini collecta et 
pnefationibus illustrata. — I5bl Argentorati excudcbat Josias ftibelius. 
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appears to have been published by Cordus himself, viz. a botanical 
work, the Historia plantarum, a description of plants used in 
medicine. It is a folio of 224 pages with numerous illustrations 
and appeared 1540. 

These “Annotationes" of Cordus are of special importance 
in the history of volatile oils, partly on account of the reputation 
of the author, partly because of his knowledge of the subject 
and also because they appeared in a century that was so pro- 
ductive of literature. Whereas Brunschwig’s book reveals a 
retrogression in the technique of distillation as compared with 
the Arabian period, Ulstad, Ryff, Matthiolus, Lonicer and others 
advanced the art during the period of distilled waters and aqu.v 
vitw in several ways: they not only made known many of the 
older pieces of apparatus that had been forgotten, but they also 
improved them and invented new ones. 

The ground thus prepared was further cultivated by Cordus 
and Gesner. Owing to the short life time of the former, it was 
the latter who continued their common labors and realized 
better results. 

In the chapter de destination e oleorum (fol. 226) of the 
Liber de artificiosis extractionibus of his Annotationes, Cordus 
discusses the nature of the plant extracts obtained by expression 
and distillation. Concerning the oily plant constituents, Cordus 
distinguishes between the viscid, fatty oils (Oleum crassum , 
viscosum , terrestre) obtained by expression, e. g. of seeds, and 
those of a spirituous nature (xrea) which can be separated 
from the “terrestrial" substances by distillation. As illustrations 
of the first class, he mentions a number of the common fatty 
oils, as illustrations of the second class the oils of carpobalsam, 1 ) 
cardamom, cubeb, pepper, cloves, cinnamon, mace, nutmeg, 
lignaloes and those of some of the common umbelliferous fruits, 
such as anise, fennel, caraway, cumin, angelica, Ligustrum, 
Libanotus, Pastinaca, Apium, Petroselinum, Pimpinella and 
Anethum. 

In his description of the properties of volatile oils, Cordus 
makes mention of the remarkable property of the oils of anise 

') Carpobalsamum is the name applied to the fruits of Halsamea 
meccanensis, Gleditsch (Balsamodendron Opobatsamum, Kunth), which were 
formerly used medicinally. 


4 * 
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"tin kostlicber tbeurer Scbatz des tuonymus Philiatrus, darinnen be- 
halten sind vil beymlicher gutter stuck der arzney, furnemmlicb aber die 
art und eygenschafften der gebrannten wasseren und dlen, wie man die- 
sc/bigen be re Hen sOlic: desgleychen ycder w asseren und 6/en art und eygen- 
schafft, nntz und brauch. Item aties mit schdnen liebiichen figurlinen an - 
gezeigt unnd Item wie man mancherley weyn bereiten stifle, auch den 
abgestandenen durcb hilff der gebrannten w asseren, gewurtzen unnd anderley 
rnateri widerumb he/ffen mtige fur die augen gestei/t, gam lustig, nutziich, 
und giit alien Alchemisten, hausba/ten: inbesonders den lla/biercrern, 
Apotbekern und alien fiebhahervn der Arztney. - trstlich in Latin bescbrieben 
durch tuonymum Pbiliatrum, unn newlicb vertcutscbt durcb Jobannem 
piidolphum Landcnbcrger zu Zurich' vnrmals in Teutscbe spracb menials 
gesiihen. Getruckt in Zurich bei Andrea und facobo den (iessneren gebnider 
im jar a/s man zalt von Cbristi unseres Hey lands gehurt 1555"') 

Later there appeared a second part also written by Gesner, 
but the original Latin text of which was not published until after 
his death, which occurred in 1565, by Caspar Wolf. A German 
translation by Jacob Mucschler was published in 1583, likewise 
in Zuerich, under the following title: 

Ander Jbeil des Sc hat /vs tunny mi von al/erhand hunstlichen und 
hew erten bleu, h asseren und beymhehen Arzneycn, sampt Hirer ordent/icben 
bereytung und diensthJien tiguren. trstlich zusammvn getragen durcb 
lierrn Doctor Cunrat Gesner, Dernnacb f von Caspar Wo/lfen der Arzneyen 
Doctor. Zurich ; in Uttin bescbrieben und in Truck gefertiget, jetzt aber 
newlicb von /obann facobo liusebe/er Doctoren, in Tutschv Spracb ver- 
to/nietschet. LiSil. 

Compared with Brunschwig’s treatise which had appeared 
50 to 65 years earlier, Gcsner’s treatises reveal a decided ad- 
vance in the technique of distillation, also in his knowledge of 
volatile oils. The first German edition of 1555 contains several 
chapters “on distilled oils” (pp. 212—249) and on “balsams" 
and other mixed oils 2 ) (pp. 249— 273). The distillation of a 

') This famous book went through a considerable number of editions 
in the course of a century or more and was evidently very widely read. 
The English translation, by Morvyng, appeared in 1559 under the title: New 
book of distillation called the treasure of Euonymus. London 1559, 1564 1565. 
A Trench translation appeared at Lyons in 1555. 

The nom-de-plume chosen by Gesner was most likely derived from 
evonymus = Spindle tree (prik-wood) and philiatros, = friend of 

science of medicine. 

: ) Literally: "Balsamen und anderen kostlicben krefftigen und artig 
zusammen gesetzten Oelen. " 
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number of oils, viz.: of the oils of lavender, rosemary, rue, cinna- 
mon, cloves, nutmeg and others, is described, and the description 
accompanied with cuts of the apparatus to be used; also the 
distillation of juniper berries and juniper wood by destHlatio 
per ascensum and destHlatio per descensum. (pp. 217 and 247). 
Of the oils of gum resins, oleorcsins and resins, those of ammoniac, 
bcnzoes, galbanum, labdanum, myrrh, opopanax, liquid storax 
and styrax calamita, mastic and turpentine are described. The 
oils from guaiac wood and sandal wood and from several other 
woods and barks arc mentioned (pp. 244—247) and their distil- 
lation described. 

The second part published in 1583, which may be regarded 
as a new edition brought up to date, contains much the same 
material and illustrations. 

To what extent Gesncr’s conception of the nature of the 
products of distillation was influenced by tradition, becomes 
apparent from the preface oi the first German edition in which 
he praises the art of distillation as a means to obtain from 
medicaments 

"Die jJ/ci rcinest, edlest, krefftigst und durcbtringcst substanz, so die 
ar/et nennen das fuenftt iiaesen (quinta essentia), von der itnrenien, groben, 
yrdischen, unnuetzen und imtaug/ichc substmiz abgesuenderet und aus- 
gezogen werden.” 

And further on he says: 

“Demnmb so f/ndest dn in diesern buche vetgriffen die fuertraefflichen 
und tugendreyeben stuck und arznyen, so die kuenstier, ar/et und Alchy- 
misten ais sundere gchc/mnuesscn und secret der riatur, nut grossem f/eyss 
verbotgen und \erhaften habend: a is da sind die wohir/ecbenden wasser, 
die oei die mis krvueteren, gewaecbsen, bfuemen, frueebten und wurzeln 
gezogen und separirt werden." 

A better understanding of the volatile oils themselves is 
revealed in the following passage from the first volume (p. 103): 

“Lass ordenttich desti/lieren in waermer aeseben, von der absuenderung 
und scheidung des oets vont erdreych, so wirst du saeben von den se/bigen 
materi, so uuf diese art destif/irt wirdt, ein feyn tauter, schoen und klaar 
wasser und oet berabf/iessen, welches in im hatt de iufft oder des tuffts 
cigenscbafft, und das wasser, das ist die substanz unn das waesen, so das 
ttement Iufft und wasser in im hatt.” 

however, the confusion of ideas concerning distilled oils on 
the one hand and aromatized fatty oils on the other still mani- 
fests itself repeatedely in the writings of Gesner and Cordus. 
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Thus in the chapter on “distilled oils" three and even four 
methods for the preparation of one and the same oil are des- 
cribed. Among these are found not only the method of distil- 
lation proper, but that of infusion and digestion (circulation) 
with fatty oils, c. g. rose oil (pp. 224 and 236), lavender oil 
(p. 337), marjoram, myrrh and other oils (p. 332). 

According to Gesner’s directions a preliminary moistening 
of the material to be distilled with spirit of wine (aqua vitm) 
is recommended. The oils are designated as a „feiste Fcuchtig- 
keit" which is inherent in the herbs, flowers and roots. Flowers 
which have a delicate odor, such as roses, jasmine, etc, are 
packed in layers into the still, each layer being separated from 
the next by a similar layer of perfectly odorless flowers or 
leaves. The latter arc to take up the aroma and to transfer it 
to the distillate. 

In addition to many admirable directions, Gesner’s writings 
contain descriptions of methods of distillation which reveal a 
complete absence of a clear distinction between aromatized fatty 
and distilled oils. 

Thus among other descriptions, Euonymus Philiatrus gives 
the following directions for the preparation of distilled oils of 
several spices, viz. from cloves, nutmeg, mace, benzoes, storax, 
myrrh, safran etc. 

"Die Specerei w ird grab gepulvert, dnnn mit aqua vitx durchfcuchtet 
und in den g/iisine returte gethan, und bei gelindcr Wurme destillirt. Wenn 
das fif arifahrt zu Uiessen, so nimm die inateri dcr specercyen aus dem 
ho /ben und thus in ein slick! in, welches wohl verbunde sye mit eincm faden, 
und trucks aus under ciner prSssen. Also dass du beide blach dvr prksaen 
w ohl bciss machvst. Und also geburt es sich das nusgetruckt 01 destilliren, 
rectificiren und circu/iren, damit ati/f diese weis das rein tauter 0/ werde 
geschieden von der groben yrdischen matcri. Demnach mag man wohl 
wtderumb die hiipffen putrificiren und digeriren mit dem vorgeme/tem aqua 
vitx, so von anderem abgesunderet worden. Unn zum letzten widerumb 
destilliren'’ 

Thus the distillation was interrupted at the beginning, the 
fatty oil aromatised with the volatile oil was expressed, and the 
volatile oil separated from the aromatised fatty oil by distillation. l ) 

For the distillation of the ethereal oil of flowers Philiatrus 
gives the following directions: 

Ein kOstlicher theurer Schatz etc. Edition of 1555, fol. 215 — 217. 
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„I)iv lUOmcn der Spicken oder des Lavender so/t du eine kurze Zeyt 
tang sonnen in einer grosser / glasinen retorte und darnach ein wasser in 
einem alemhik darvonnen destiliiren und abziehen. Dieses Wasser durch 
den gan/en Sommer gesetzt an ein warme statt an die Sonnen, so treybt 
es fur und fur 0! fiber sick, welches 0/ du aihvagen suit von dem wasser 
separiren und ahsundern mil einem fddcrlich und dasse/be f/eyssig behalten 
in einem gISsinen guttern 1 ) wohf vermacht und verstopfet."'-) 

As the last of the important practitioner -scientists and 
authors during the period in which the treatises on distillation 
dominated, the many sided Neapolitan noble man, Giovanni 
Battista della Porta (born 1537, died 1615) should be mentioned. 
Of his works/ 1 ) published in twenty books, two, viz. his liber 
tie destil/atione and his liber tie vinis are of special im- 
portance to the history ot distillation. Of all his contem- 
poraries, all of whom, it is true, preceded him, he had the 
clearest conceptions of distillation and of the products of distil- 
lation. Both of the two books, which appeared about 1563 
distinguish themselves from their precursors by a more com- 
prehensive knowledge not only of the subject matter and litera- 
ture, but also by means of originality in research and mode of 
presentation. 

Porta makes a clear cut distinction between fatty expressed 
and distilled oils, describes their method of preparation, also the 
distillation of aromatic waters and the separation of the volatile 
oils from the water and the apparatus used for this purpose. 
However, even with this clear thinking and enlightened practi- 
tioner the term distillation conveys the traditional concept of 
various methods of separation and extraction of parts of plants. 
In like manner Porta adheres to the general use of the designation 
oil for certain hygroscopic preparations, e. g. oleum ex salibus, 
oleum ex tartaro, oleum ex soda, etc. 

To what extent Porta’s views concerning the nature of the 
distillation process and the changes produced by heat in general 
coincide with those of contemporaries, becomes apparent from 

Flask. 

•') Lin kdstlicher theurer Schatz etc. Edition of 1555, fol. 222. 

) Jo. Baptista; Porta*, Neapolitan^ Magix naturalis tibri viginti, in 
ifuibus saentiarum natural in m divitise et delieix demonstrate r. lam de 
novo, ab omnibus mendis repurgati, in lucem prodierunt. Roma; 1563 - 
Antwerp. 1564 — Hanovia; 1619. 
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the preface (p. 367) to De destiH atone, which constitutes book 
ten of his Magix naturalis libri. ’) 

These sixteenth century treatises on herbs and their distil- 
lation, as well as a number of less important ones, were the 
principal handbooks for the preparation of medicaments, especially 
of distilled waters, oils, and vinous distillates. At first they 
supplemented the older antidotaries, later they replaced them. 
The gradual change from these treatises on distillation to the 
so-called dispensatories is marked by the appearance of several 
works classed with the latter. Those of Ortolff Meydcnbcrger,*) 
and the later ones of Otto Brunfels i{ ) (born 1488, died 1534), 
Leonhard Fuchs 4 ) (born 1501, died 1566) and of W. h, Ryff ft ) 
(first half of sixteenth century) may here be mentioned. 

With the appearance of Paracelsus (1493- 1541) and the 
spread of his iatrochcmical ideas in medicine, vegetable remedies 
lost their former importance, their place being taken more or 
less by chemical products. Thus the distilled waters had to 
surrender their supremacy and with it the herbals and treatises on 

‘) “lam ad driest deventum est, et a distillatione duximus sumendum 
mitium ncutcricornm inventum , res mira ultra mortalem sortem latidanda, 
non qux a sc to! is et \ u I gar i bus usurpari sold, nam verum esse corrumpunt, 
destruuntque sed ad causarum gnaris pertractata. Docet enim lute ars 
admirabi/is, ut gravid corpora fiant spiritus et sublimvnt et spiritus eras - 
ct 'scant ac corpora evadant. Rerum vires, qux mole obrutx concuitatx, 
sms vetuti in loculis dvlitesccntes puriores, tenuioris et absque ulla im- 
punoris matvrix acccssione e p/antis, mctallicis, lapidibus et gemmis e/iccre, 
casque vcluti non sua forte cantentus, nobiliores in sublime educerc, ac 
ve/uti in cieium susto/iere, poterimus chy mist ids organis plantarum virtutes 
investigate et melius quam veteres gustu. Quid igitur majus poterit ex- 
cog itari. Natura est res producere, ac viribus dntare, artis est productas 
nobi/itare, ac muitip/icihus viribus ditare. Accedat lector yu.aunlh,,-, a natura 
secretorum perscrutator, nam distillationes haudquaquam inglorius tractabit. 
Primu aquas et o/ea extrabemus, mux esse tincturas, elixires, sales et 
e/usmodi similia . Mistum quodammodo in elementa disso/vere, ac singula 
puriora reddere, varias et adversantes, suas facultates separarc et e/iccre, 
ut ex vote uti possimus, a/iaque, qux scisse et novisse non pxnitehit 

4 ) Ortolff von Bayrland. Arzneibucb. Hie fahet an eyn bilchelin von 
manigerley Artzeney. Mainz 1485. 

‘) Spiegel der Arznei. Strassburg 1532. — Reformation der Apotheken, 
Strassburg 1536. 

‘) be componendorum miscendorumque medicamentorum ratione. 1549. 

'■) Reformirte deutsche Apothek. Frankfurt a. M. 1563. 
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distillation lost in importance. The volatile oils, however, gradually 
taking the place of the distilled waters, gained in importance. 
This change was contemporaneous with the transition from the 
Destil/irbucher to the dispensatories. Although this change was 
brought about gradually, it is usually identified historically with 
the appearance of the Dispensatorium Noricum of Valerius 
Cordus in the year 1546. 

While in Wittenberg, Cordus (born 1515, died 1544) was in 
the habit of visiting with his uncle, the apothecary Ralla, who 
from 1532 to 1560 was proprietor of the Salomo-Apotheke in 
Leipzig. Here he seems to have taken an active interest in the 
art of distillation and in making chemico- pharmaceutical pre- 
parations. At Ralla's instigation and with his assistance, Cordus 
collected tried formulas for the preparation of distilled waters 
and other pharmaceutical preparations. These were published 
by Ralla. 

This compilation, and still more his lectures on the materia 
medica of Dioscorides as well as his Historia Plantarum published 
in 1540, had established the fame of the young scholar. On 
one of his botanical excursions, Cordus appears to have stopped 
at Miirnbcrg where he received due attention in medical circles. 
In 1542 the council of that city charged him with the preparation 
of a dispensatory for the guidance of physicians and apothecaries 
of that municipality. This task Cordus accomplished with the 
aid of his uncle Ralla and of Caspar Pfreund, a friend and able 
apothecary at Torgau. The book was favorably received by the 
council of Nurnberg and was published in 1546, two years after 
the death of its author.') Several editions appeared in rapid 
succession without date of publication, the third Miirnberg edition 
bearing the date 1548. As an authoritative treatise, the book 
seems to have found general recognition. It was frequently re- 

') Pbarmacorum omnium, qux quidem in usu sunt, conficiendorum ratio. 
Vulgo vocant Dispensatorium pharmacopolarum. l:\ omni genere bonorum 
authorum, cum veterum turn recentium co/tectum, et schoiiis uti/issimis 
illustratum . in quibus obiter, plurium simplicium, hactenus non cognitorum 
v era noticia traditur. Autbore Valerio Cordo. Item de col/ectione repositione 
et duratione simplicium. Dc adulterationibus quorundam simplicium. Simp/ici 
aliquo absolute scripto, quid sid accipiendum, 'Arnjauai/tia, id est, Succe- 
danea, sive Quid, pro Quo. Qualcm virum Pharmacopolam esse conveniat. 
Cum indice copioso. Norimbergae, apud )oh. Petreium. 
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printed, both in its original form and with the additions made 
by Conrad Gesner. 

The long title of this work was abbreviated to Dispensa- 
torium Noricum and it is commonly regarded as the first German 
pharmacopoeia, though this is not quite true. 1 ) It was recognized 
as standard up to the close of the seventeenth century, although 
twenty years later it had to share honors with the Augsburg 
Pharmacopoeia of Adolph Occo.-) 

Notwithstanding the want of a clear understanding of the 
nature of the distilled oils during the whole of the sixteenth and 
part of the seventeenth centuries, their preparation was fostered 
and their use in medicine, the arts and in the household increased. 
Among the medical experimenters and writers of this period, 
|ohann Winthcr, !i ) who was born 1487 in Andernach and who 
died 1574 as professor of medicine in Strassburg, seems to have 
distilled a large number of the more common volatile oils with 
great care. 

Moreover, the distillation of aromatic waters and volatile oils 
was now being conducted principally in the pharmaceutical labora- 
tories where both the process and the utensils were variously 
improved in the course of time. 1 ) 

In addition to the Niirnbcrg and Augsburg pharmacopoeias 


') Sec p. 58. 

*) Pharmacopwa sou Mcdicamentariiim pro ftepuhlica Atigustana. Author 
Adolphus Occo. Augusta Vmdvlicnruni 1564. 

Of this pharmacopoeia there also appeared numerous reprints and editions 
as late as 1734. The titles of many of these are often modified by such 
terms as rv forma ta, renovata et aucta. 

The great demand for both of these pharmacopoeias, which lasted a 
century and a half, is largely due to two reasons, hirst, these new pharma- 
copoeias satisfied the practical demand better thenn did the older Antidotaria 
and the more recent treatises on distillation. Secondly, it was due to the 
rapidly increasing number of apothecary shops that were established during 
the 16. and 17. centuries. 

:1 ) Guintheri Andernacei Liber de veteri et nova medicina turn cognos 
cenda turn iacienda. Basilic 1571. 

') On p. 59 will be found the title page of such a pharmacopoeia of 
the ftes publica Gor/icenm of 1629. It is characterized not only by the 
predominance of illustrations pertaining to the art of distillation, but also by 
the expression given to the sense of order prevailing in all laboratories of 
apothecary shops. 
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and similar authoritative works, the municipal price ordinances, 
which since the sixteenth century were issued in various cities 
to regulate the sale of drugs and spices, are reliable sources of 
information concerning the introduction of distilled oils into medi- 
cine and the arts. As documents they arc of similar importance to 
the price lists of modern wholesale merchants and manufacturers. 

The following list has been prepared with the aid of the 
previously discussed historical documents. 1 ) It should, however, 
be definitely understood that the dates given arc not necessarily 
those of the first introduction or use, but those of their legal 
recognition as articles of commerce. 

DISTILLED OILS KNOWN AND IN USE:'-’) 

Up to the beginning of the sixteenth century: 

The oils of benzoin, calamus, ccdarwood, costus root, mastix, rose, 
rosemary, sage, spike, turpentine, juniperwood, frankincense, cinnamon. 

TO THESE WERE ADDED: 

From 1500 to 1540: 

The oils of lignaloes, angelica, anise, cardamom, carpobalsam, *) 
cubeb, wild caraway, fennel, caraway, libanotis, lovage, macc, nutmeg, 

In addition to the Dcstit/irbfii her previously mentioned, the following 
pharmacopa*ial works have been used in the compilation of this list: Of the 
Dispvnsatonum Noricum the editions of 1546, 1552, 1559, 1565, 1580, 1589, 
1592 and 1612; of the P/iarmaco/wea Augustana the editions of 1580, 1597 
and 1640; and the Dispcnsatoriurn Brandcnburgicum of 1698. 

Of the large number of municipal price ordinances the following were 
consulted: Frankfort-on-the-Main, for 1582, 1587, 1668, 1710; Nurnherg, for 
1552, 1613, 1624, 1644, 1652; Worms, 1582; Strassburg, 1586; Wittenberg, 
1599, 1632; Halberstadt, 1607, 1697; Halle 1643, 1700; Ulm, 1649; Bremen, 
1644, 1664; Dresden, 1652; Leipzig, 1669, 1689, 1694; Berlin, 1574. 

-) Bitter almond oil and several other poisonous oils, such as cherry 
laurel oil were excluded from general commerce on account of their poisonous 
properties. Hence they do not appear in the price ordinances. Inasmuch 
as they were not used medicinally when they first became known, they do 
not appear in the pharmacopoeias. Both of the above mentioned oils were 
known before the middle of the sixteenth century, bitter almond oil even 
during the middle ages. Oils of animal origin are not mentioned in the 
above list. 

■ 1 ) Carpobalsamum is the name applied in the fruits of Balsamea 
meccanensis, Gleditsch (Balsamodendron Opobalsamum, Kunth) which were 
formerly used for medicinal purposes. 
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Pastinaca savita, L., pimpinella, pepper (from Piper nigrum ), celery, 
sandal wood, juniper berries, juniper tar (Oleum cadinum), mastix. 

From mo to 1589: 

The oils of elecampane, ammoniac, horehound, anime, asafetida, 
basilicum, bdellium, mountain melissa (Ca/amintha montana), mountain 
thyme (Thymus acinus ), amber, citrus, coriander, "costiver”, dill, ori- 
ganum, sweet marjoram, elemi, galbanum, galangal, guaiac, chamomile, 
Roman chamomile, spearmint, labdanum, lavender, lemon, spoonwort, 
laurel, marum verum, marjoram, balm, mints, carrot seeds, feverfew, 
cumin, myrrh, cloves, opopanax, parsley, pepper (from Piper longum), 
summer savoy (Sature/a hortensis), European penny-royal, orange peel, 
tansy, wild thyme, rue, rhodium, saffron, sagapenum, sandarac, sassafras, 
false cumin, storax, tacamahac, thyme, iris, wormwood, hyssop, zedo- 
ary (root). 

From 1589 to 1t)07: 

The oils of ChxmphyUum bulbosum , peppermint, savin, white 
mustard, seseli, zedoary (flowers). 

From 1007 to 1052: 

The oils of ginger, arbor vita.', costmary (Tanacetum lialsarmta). 

From 1052 to 1o72: 

The oil of cow -parsnip (Herac/eum sphondy/ium ), cascarilla, 
cypress, Anthriscus cvrvfoUum, tlupatorium cannahinum, black mustard. 

From 1072 to 1708: 

The oils of valerian, bergamot, mugwort, box-tree, masterwort, 
neroli, Oleum temp/inum (from Pinus Pumilio). 

From 1708 to 1730: 

Bitter almond oil and oil of cajeput. 

At the beginning of the seventeenth century a change took 
place in the tendencies underlying alchemistic activities. These 
were accompanied by the transition of the practice of the art of 
distillation to the laboratories of apothecary shops. They were 
due also, in part, to the revival of the desire for the trans- 
mutation of the metals and for the discovery of the lapis philoso- 
phorum that had been sought for many centuries. The place 
of distilling apparatus was resumed by furnaces and subliming 
apparatus. Having failed to find the panacea for all ills and 
the fount of youth in organized nature, attention was again 
directed to mineral and metallic substances. 
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Chemical science was continuously driven to false con- 
clusions, not only by its experiments to convert base metals 
into gold, but also by its search for a quinta essentia by means 
of a separation of the “subtle and spirituous 0 from the "coarse 
and earthy” by means of distillation and sublimation. False 
doctrines frequently guided both the plan and execution of 
alchemistic research, and thus influenced the object of the ex- 
periment as well as the interpretation of the phenomena observed. 
Consequently, the results were correspondingly uncertain and 
often a matter of accident. Thus chemical knowledge proved 
a false structure without internal coherence. Considerable as 
was the sum total of empirical progress made during the sixteenth 
and seventeenth centuries, it served merely the purpose of 
supplying building material for a later period. Included in this 
progress was the discovery of numerous useful chemical pre- 
parations and volatile oils. In like manner as the lapis phi/o- 
sophorum , the highest and final power of (inanimate) nature 
was being sought in the former, so the quinta essentia , the true 
panacea for the restoration of health and the prolongation of 
life, was sought in the latter. Thus Philipp Ulstad and other 
enlightened investigators of the sixteenth century thought they 
had discovered this quinta essentia in the spirit of wine. Each 
success, true or only apparent, stimulated the disciples of spagyric 
and alchemistic art to renewed activity and strengthened their 
belief in the imaginary powers of the coveted products. To this 
class belonged the majority of medical and pharmaceutical labora- 
tory experimenters. 

Although the diligent practice of the art of distillation brought 
about considerable progress in the technique, the conception of 
the nature of the products remained under the bann of the 
traditional theosophic doctrines. This was also the time when 
the thirty years war produced such disastrous effects upon the 
cultural and spiritual life of Germany. This religious war, in 
which Germany fared worse than any other country, destroyed 
wealth and well being, and for nearly a century crippled the 
scientific and commercial life of the nation. Traditional knowledge 
and practice in the arts and crafts was largely lost. Superstition 
and the spagyric art were revived and abstract alchemy flourished 
once more in Christian Europe as it had done in the Arabic world. 
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Whereas during the period described above, aromatic waters 
were used for medicinal purposes in Europe and more particularly 
fn Germany, in Asia fragrant drugs of vegetable and animal origin, 
also the aromatic waters and aromatized fatty oils prepared from 
them were used extensively in religious ceremonies and in per- 
fumery. Interesting accounts concerning these perfumes are 
found in the “Ain-i-Akbari”, the annals of the emperor Akbar 
(1542—1605) written in the Persian language by his historian 
Abul Fazl toward the close of the 16. century. 1 ) 

Lignaloes, which formerly played an important role, was 
comminuted and buried, thus causing the inferior portion to 
decay whereas the portion richer in resin, the pure lignaloes, 
remained. It was used for a variety of purposes: as a medicine, 
in perfumery and fumigation, as insecticide, etc. The oil of 
lignaloes, the Chuwah, is distilled by covering the comminuted 
wood with water in an earthenware flask, the neck of which is 
connected with a dish containing water. With the aid of a moderate 
fire the oil is driven over into the receiver. In order to remove 

the smoky odor, the oil is washed with water, the oftener the 

better. Concerning the history of rose oil, which was introduced 
into India by way of Persia, the following statement is made. 
In the imperial garden the bride of the emperor Jehanger observed 
a film on the surface of the canals which were supplied with 
rose water. This film she had collected and the oil thus obtained 

she named after her husband Atr-i-Jehangiri. Other fragrant 

waters, e. g. those prepared from orange and jasmine flowers, 
were known by the collective name of Araq. The fragrant 
grasses Andropogon Schwnanthus, A. muricalus and A. laniger 
are met with under the names Rus and Abir Izkhir. Of resins 
storax, benzoes, frankincense and labdanum are mentioned as 
being known. The last mentioned is described correctly as a 
substance obtained from C/stus , “a Cyprian and Chiotic tree”. 
It is also obtained from the beards of goats who have eaten 
Cistus leaves. This second quality is regarded as the better. 

Of camphor it is said that it was first found in a country 
not far from Ceylon. A substitute perfumed with camphor was 

M David Hooper, The perfumes of the Moguls. Calcutta Review, Octo- 
ber 1904. — Report of Schimmel & Co., October ISMLi, 83. 
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also known. By means of it “people without a conscience tried 
to enrich themselves at the expense of others." Borneo camphor 
was also highly prized. 

Of minor importance arc perfumes obtained outside of India, 
such as orris root, wormseed and patchouli leaves. 

Of animal perfumes ambra, civet and musk are mentioned. 

During the period under consideration all endeavors were 
directed toward the artificial preparation of gold. As a result 
there were more adepts during the 17. century than during the 
two previous centuries. Many courts, suffering from want of 
money, became the fruitful fields cultivated by the adepts of the 
spagyric art. Of these, only very few attained practical results 
of any kind, as did, e. g. t the alchemist Beettger (born 1685, 
died 1719) who discovered the art of making porcelain. Chemically 
this poverty stricken century accomplished but little. Princes, 
scholars, physicians, indeed members of all classes of educated 
society were open or secret adherents and believers in the trans- 
mutation of the metals. 

These endeavors which forced into the background all true 
chemical research, appear likewise to have caused a prolonged 
stagnation in the art of distillation. During the 17. century it 
was practiced only by a few experimenters far away from the 
turmoil of war that raged on German soil. Among these should 
be mentioned in particular |oh. Baptista van Hclmont in Brussels 
(born 1577, died 1644), |ohann Rudolf Glauber in Amsterdam 
(born 1604, died 1668), Nicolas Lemcry in Paris (born 1645, 
died 1715), and Wilhelm Hombcrg in Paris (born 1652, died 1715), 

During this period the practice was introduced of adding 
salts, such as common salt, potash, alum, and tartar to the 
water in the still. The object sought was to increase the gravity 
of the water so that the parts of plants might not so readily 
adhere to the bottom of the still and become empyreumatic. 
Presumably it was also observed in certain instances that an 
increased yield of oil resulted. The addition of hydrochloric acid, 
however, as recommended by Glauber must be characterized as 
going astray. 

Even with these assumed improvements, the art of distillation 
at the close of the 17. century still rested on the basis of 

liiihmi isiiR, Till tOLAiiir oils. 5 
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empirical experimentation. Neither was it advanced by the 
phlogistic theory, proposed toward the end of the century by 
). ). Becher (born 1635, died 1681) and more firmly established 
by G. E. Stahl (bom 1660, died 1734), which theory permeated 
all chemical speculation for more than a century. Even if this 
theory, that characterized the last transition period of theoretical 
chemistry, was ingenious and productive, and prepared the way 
for the chemical reformation that occurred toward the close of 
the 18. century, it failed utterly to throw light on the composition 
of the volatile oils. Moreover the elemental components of 
air and the constituents of water, also the elements of which 
minerals and rocks are composed were known only in part up to 
the middle of the 18. century. 

Renewed progress, however, in the manufacture and use of 
volatile oils is to be recorded during the eighteenth century. The 
technique of distillation was improved in the laboratories of the 
apothecary shops where the oils were largely distilled and a 
better product was prepared. The distilled oils were not only 
prepared on a larger scale and of better quality, but they found 
extended application not only in medicine, but also in the arts 
and in the household. The number of oils mentioned in municipal 
price ordinances and other literature lip to 1500 had been only 
thirteen; in 1540 the number had increased to thirty-four and 
in 1589 to one hundred and eight oils. The Dispensatorium 
Noricum of Cordus mentions only three oils in 1543; the edition 
of 1552 mentions five; that of 1563 six; and that of 1589 fifty-six 
distilled oils. In 1708 one hundred and twenty oils are mentioned 
in the price ordinances of that time. 

The distillation of pure volatile oils and the skill to mix 
them so as to produce agreeably fragrant mixtures, not only 
stimulated the improvement of methods of preparation, but also 
their extended use. With the distillation of the oils of lavender 
and rosemary, a volatile oil industry, as has already been indicated, 1 ) 
seems to have developed from small beginnings in southern France 
during the fifteenth and sixteenth centuries. In like manner, 
the perfume industry seems to have had its origin. The pre- 
paration of “Hungarian water" in the sixteenth century by making 

') See p. 48. 
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an alcoholic distillate from fresh rosemary has already been 
referred to. 1 ) During the seventeenth century, a A armeliter 
Geist, an alcoholic distillate from balm and lavender,*) was 
introduced. In 1725 johann Maria Farina of Cologne introduced 
his famous Eau de Cologne. The successful mixture of several 
odors and the prime quality of the oils used proved an important 
stimulus to the manufacture of these oils.**) From these small 
beginnings the perfume industry gradually developed into the im- 
portant position it has held since the middle of the past century. 

With the increased importance of the volatile oils, more 
attention was bestowed upon their nature and composition. 
Bocrhaave (born 1668, died 1738), who at the beginning of the 
eighteenth century was professor of medicine, botany and chemistry 
at the University of Leyden, in his treatise on chemistry 4 ) states 
that volatile oils consist of two elements: the one cruder and 
resinous, insoluble in water (mater); the other more subtle, 
ethereal, which can scarcely be weighed and which by itself is 
possibly gaseous (spiritus rector). The first part he considered 
to be common to all oils and a unit by itself. The characteristic 
odor and taste, however, of the various oils were due to the 
spiritus rector which was peculiar to each oil. It was water 
soluble and therefore gave to the distilled waters their odor, 
taste and medicinal virtue. The changes produced in volatile 
oils upon exposure to air and light were attributed, in harmony 
with this theory, to the escape of the spiritus rector.*) 

This conception was perfectly in harmony with the belief, 
current during the middle ages and up to the 17. century, in 

') See p. 30. 

■) See the history of the oils of lavender and spike. 

■') See the history of oil of balm. 

4 ) fihrnenta chemist, quit anniversario taborc ducuit in publicis priva- 
Usque scho/is, Hermannus Boerhaave. Tumus primus, qui continet historiam 
et art is thvoriam. Tumus sccundus, qui continet operationes chemicas. 
Lugduni Batavorum 1732 — Londini 1732, 1735 — Parisii 1732, 1733, 1753 — 
Lipsiaj 1732 - Basiliae 1745 — Veneti 1745, 1759. 

*) In hoc autem oho essvntiali rursus subti/issimus, volati/is, paucus, 
acerrimus, vix ponderandus, spiritus iterum comp/ecticur illud omne, quod 
huic toti oho dahat hanc vim; euque ablato nihil in oho. . . . Inquisivi in 
pondus spirituum, invenire non potui est. (Boerhaave’s Elements chemist, 
Tom. 2, p. 124-131.) 


5 * 



68 


Historical introduction. 


the subtle properties and medicinal virtues of aromatic plant 
substances and their aqueous distillates. With the assumption 
of the water solubility of the spiritus rector the distilled waters 
were naturally regarded as being charged in the highest degree 
with the medicinal properties of the crude drugs. Boerhaave's 
dualistic theory concerning the composition of the volatile oils 
was therefore received as the most rational explanation of the 
firmly established belief in the efficacy of distilled waters, and 
was also accepted as a further argument for their retention in 
medicine. Even after the antiphlogistic nomenclature came into 
vogue after 1787, the spiritus rector was not discarded, being 
rebaptized as ammo. 

The first chemists who discarded the dualistic theory of the 
volatile oils in their writings, and claimed that odor and taste 
arc due to the oil as such, are F. A. C. Gren, 1 ) Professor of 
Medicine in Halle, and the French chemist Ant. Francis de 
Fourcroy-) of Paris. The former exposed the untenability of 
Bocrhaave’s theory in 17%, the latter in 1798. Indeed Fr. Hoff- 
mann (born 1660, died 1 743), a contemporary of Boerhaavc and 
professor at Halle, had not accepted the latter's theory without 
reserve. A many-sided investigator and writer, lie had prepared 
and studied the volatile oils witli great carc. :J ) Yet lie had no 
clearer conception concerning the nature and composition of the 
oils than his contemporaries. He distinguished between oils 
obtained by expression, by dcstilfatio per ascension and per 
iJescensum. l ) He regarded sulphur as a fundamental principle 
ot all oils, the bituminous and cmpyreumatic oils containing a 


') Grens (inindrili de/ Chemte nach den neucsten Lntdeckungen ent- 
h orfvn und /urn (ieh/andi akadcmisdicr Voilesungen emgerk htet. Halit* 1 7%. 
Vol. 2, p. 217. 

■) Annal. de Chim. 25 (1798), 232 and Fourcroy, System? dcs con- 
nmsstWL cs chim/qnes. Paris 1801. 

) I redorici Hoffmanmi Opera omnia physico- median. Demin re visa 
coiiL\t,i et ancta. In sex tomos distnbutn. Geneva; 1740— 17M Vcneti 
1745, 17 Volutnina — Neapcl 1753, 25 Volumina. 

') The destiflntio per asce/i'iuni corresponds to the method now generally 
used, allowing the vapors to pass upwards in the still and removing them 
from above. In the dvstillatio per descensum the vapors were forced down- 
ward through the material and collected in a receptacle underneath the still. 
An incomplete extraction was thus effected. (Comp, chapter IV.) 
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relatively large amount of sulphur.') He also believed that the 
color and odor of oils was influenced by their larger or lesser 
sulphur content. 

It should be of interest to note that camphor which had 
been regarded as a volatile organic salt, was pronounced by 
Hoffmann to be a congealed volatile oil. 3 ) He also made the 
observation that most of the commercial oils of his time were 
adulterated with turpentine oil, oleum i ini, alcohol and fatty 
oils. n ) Further he determined the yield 4 ) and specific gravity") 
of many oils. At the beginning of the 18 . century, distillation 
was regarded as a well known and universally practiced method 
of laboratory technique. Hence the special interest of that period 
was directed mainly toward the determination of the yield of 
oils and the study of their properties. This interest was, no 
doubt, stimulated by Glauber’s suggestion to rectify by distil- 
lation with dilute muriatic acid oils that had become colored 
by age. 

Glauber’s views") and those of his contemporaries were 
opposed by Hoffmann. He declared the employment of spiritus 
suits , : ) dilute sulphuric acid,") potash, tartar and alum*) in the 
distillation of volatile oils as useless, but consented to the use 
of common salt. He argued that the addition of salt facilitated 
the separation of the oil particles and prevented decay; that 

‘) Frederici Hoffmannii Opera omnia physico-mcdica. Dent/o revisa 
corrvcta et aucta. In se\ to/nos distributa. Geneva* 1740 1761 - Veneti 1745. 
Tom. 4, Liber 1, p. 449-451. 

! ) Ibidem. Liber 72. Obscnatio 13, p. 44—50. 

*) Ibidem. Liber 67. Observatio2, p. 9-11. 

4 ) ibidem. Liber 65. Observatio 1, p. 1—9. "Dc o/cis destil/atis inque 
eorum desti/Jatione observanda." 

') Ibidem. Liber 72. Observatio 8, p. 27—30. "Gravitas specific 
o/corum.” 

“) johanni Rudolph! Glauberii htrni novi philosophic 7. Lugduni Bata- 
vorum 1648 Amstclodami 1648 Prag 1700. Pars 1, p. 35, 36 et 41, et 
pars 3, p. 30. 

7 ) Ibidem. Pars 1, p. 36. This was crude hydrochloric acid prepared 
by the distillation of common salt and alum or sulphuric acid. 

h ) Crell’s Chem. joum. 3 (1780), 30. — Pfaff’s System der Materia medica. 
1815. Vol. 4, p. 50. 

*) Glauberii Fumi novi philosophici. Lugduni Batavorum 1648 — Prag 
1700. Pars 1, p. 38 et pars 3, p. 31. 
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it made the water “heavier” and thus prevented the settling 
and burning of the plant material; that it also purified the 
distillate. 1 ) 

In some instances recourse was again taken to the process 
of fermentation before distillation which was in vogue during the 
fifteenth and sixteenth centuries. This was done e. g. with 
juniper berries, wormwood, sage and other herbs, honey and 
yeast *) occasionally being added. The old practice of previously 
moistening the plant material with alcohol 13 ) was also resorted 
to. In this manner a larger yield of oil was obtained but it 
would seem that the dilution of the oil with alcohol was not 
recognized. 

Downward distillation (destillatio per descensum) was 
applied by Hoffmann 1 ) in the preparation of oils with high 
specific gravity such as the oils of cinnamon and cloves. This 
method was evidently regarded as being better because the 
dark colored oils thus obtained were supposed to contain 
more sulphur. 

With the increased use of volatile oils during the first half 
of the eighteenth century it became more and more desirable 
not only to prepare oils of good quality but to obtain the largest 
possible yield as well. As guides there appeared new treatises 
on distillation'’) which had little more than the title in common 
with the older Destillirbiichcr. They treated not only of distilled 

') l*r. Hoffmannii Opera omnia physico-medica. Suppiementum secundum. 
Geneva 1760. Pars 1, p. 730. 

*) Berlinisches Jahtbuch fur Pfmrmacic IH04, 380. 

■') Demachy, Liborunt im Grolscn, oder die Kunst die chemischen Pro- 
dukte fabrikmaBig zu verfertigen. Aus dem Franzbsischen ubersetzt, mit 
ZusStzen verschen von Samuel Hahnemann, der Arzneikundc Doctor und 
Physikus des Amtes Gommem. Leipzig 1784, p. 238. 

4 ) Fr. Hoffmannii Opera omnia physico-medica. Tom. 4. Observationum 
sefectiorum iibri. 1717. Liber I, p. 449 -451. — Suppiementum secundum. 
1760. Pars I, p. 730. 

*) Of these the following are the more important: 

Die zum af/gemvinen Gebrauch wohl eingerichtete Destillirkunst. 
Audi die Bereitung verschiedener destiffierter WSsser und Ole. Von C. H. 
Burghart. Breslau 1736. lieue Auf/age mit viden ZusStzen von J. Christian 
Wiegleb. 1754. 

Das Brennen der Wasser, Ole und Geister. Wohleingerichtete Desti/lier- 
kunst und neuc ZusStze. Von G. H. Burghart. Breslau 1748. 
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waters, but also of volatile oils and spirit of wine. Coupled with 
the scientific problem of the distillation of the volatile oils was 
the commercial problem of the largest possible yield. 

Following the lead of Whither, 1 ) Boerhaave and Hoffmann, 
a number of investigators of the eighteenth century ascertained 
the yield of oil obtainable from the more common aromatic plant 
products. Of these the following deserve special mention: 
joh. Fr. Carthcuser 4 ) (born 1704, died 1769), Professor of Medi- 
cine, Botany and Chemistry at the University of Frankfurt-on- 
the-Oder; Caspar Neumann 8 ) (born 1683, died 1737), a Berlin 
apothecary; Claude Joseph Gcoffroy (born 1685, died 1752), a 
Parisian apothecary; and Guillaume Francois Rouclle 4 ) (bom 1703, 
died 1770). 

Their experiments were conducted on a small scale and 
with simple apparatus. Their results, however, published in their 

Trait 6 raison n# de la distillation, ou la distillation rdduite en principes 
avec on traits dcs odours . Par Dejcan. Parts 1753. — Deutsche Ausgabe, 
Altcnburg 1754. 

Truitt dcs odours, Suite du trait# de la distillation. Par Dvjvan. 
Paris 1764. 

l ) See p. 60. 

a ) Cartheuser's researches on the volatile oils are contained in the 
following of his treatises: 

Fund amenta materia? mediae. Francofurt. ad Viadr. 1738 and edition 
of Paris 1752. 

L'/ementa Chymia? dogrnatico-experimcnta/is, una cum synopsi Materia: 
medico: selection's. Halla* 1736. Fditio secunda priore fongc emendatior. 

Dissertatio chymico-physica de genera is quihusdam plantarum principiis 
hactenus neglectis. Francof. ad Viadr. 1754. Fditio secunda 1764. 

Dissertatio physico-chemica medica de quihusdam Materia? medic ae 
subjectis exarat. ac pub/ice hahet nunc iter, resus. Francof. ad Viadr. 1774. 

Dissertationes nonnullae selections physico-chemica? ac medica ?, varii 
argument i post novam lust rat ionem ad prelum revocat. Francof. ad 
Viadr. 1778. 

Pharmacologia theoretico-practica praclectionihus academicis accommo- 
data. Berolini 1745. 

3 ) Caspar Neumann's researches on volatile oils can be found in the 
second volume of his Chymia medica dogmatico-experimentalis, Oder 
Griindhche mit Experimenten bewiesene Medizinsche Chemie. Published 
by Christ. Heinr. Kessel. 4 vols. Zullichau 1749—1755. 

') Geoffroy's and Rouelle’s work on volatile oils was published in the 
Mimoires de Tacadimie royale des sciences de Paris for the years 1730 
to 1760. 
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works and in journals, 1 ) were regarded as standard and were 
quite generally introduced into the literature on the subject. 
Through the dispensatory of the English physician and chemist, 
William Lewis,-) the results of the above mentioned and of 
other continental investigators found their way into English 
literature. 

Aside from the publications already mentioned, the interest 
shown in the study of volatile oils toward the close of the seven- 
teenth and during the course of the eighteenth century is pos- 
sibly best shown by the number of dissertations on the subject 
which were written at German universities under the stimulus 
of a number of university teachers. 1 ) 

') tn 1789, Kemler of hrfurt collected and tabulated the observations 
relative to the yield and properties of volatile oils published up to that year. 

A similar tabular compilation taking into consideration also the origin 
of the oils was published in the Journal tic phannaue for August 1834 
by Rayhaud of Paris in connection with the industrial exposition of the 
previous year. A German translation appeared in Buchner’s Report, efer 
Ph'imt. for 1835, vol. 51, p. 54. Two further treatises on this subject appeared 
by G. H. Zeller in 1850 and 1855 respectively in the Jaiuhuch fur ptaktisdie 
Phunnui iv urn/ im»« unite f ather. The former appeared also as a separate 
under the title of Stmltcn it her dthertsdre Oe/c, Landau, 1850; the latter 
under the title Ausheulc und Darsteilung dvr fithenschvn Oetv. Stuttgart, 1855. 

*1 The new Dispensatory: Containing the theory and practice of phar- 
macy, a description of medicinal simples, according to their virtues and 
medicinal qualities, the description, use and dose of each article etc. In- 
tended as a correction and improvement of Quincy. London 1753. 

: ) The more important ones are herewith enumerated: 

1070. l)v o/enmrn destiiiatioruni nuturu ct usu in genere. Dissertatio ah 
David Kellner. Helmstadii. 

Ip9p. I)c oic is dvstif/ntis. Dissertatio ah Henrico Rosenberg. Jena:. 

1744. l)e oleis desttllatis ernpyreu mafias. Dissertatio ah Christian Lindner. 
Irancofurti ad Viadrum. 

1744. lie sale voiatiii oleosa solido in oleis .vthereis nonnunquam reperto. 
l)/ssertatio ah Fr. Gunther. Francofurti ad Viadrum. 

1745. l)e o/eis vegetahihum essentiahbus. Dissertatio ab A. Fr. Walther. 
Lipsi&v 

1740. I)e spiritu rectore in regno anima/i, vegetahi/i et fossili, atmosph<vrico. 
Dissertatio ah Gottfried de Xhora. Leydac. 

1747. De oleorum destillatorum usu muittphee principue in castris. Dis- 
sertatio ah Joh. Paul Ziegler. Altorfii. 

1748. Dissertatio chemica inaugurate sistens Dosimasiam concretionum in 
nonnul/is o/eis ,vthereis ohservatum ah F. Hagen. Regiomontanae. 
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The investigations reported in these dissertations, however, 
rest on false premises and, therefore, produced no valuable re- 
sults. Research based on the phlogistic theory and the doctrines 
of Boerhaave and Hoffmann concerning the constitution of volatile 
oils, could hardly be expected to yield results of any importance. 
As is well known, water was resolved into its elements as late 
as 1766, the elements composing the atmosphere were discovered 
in 1774, and the phlogiston theory was disposed of in 1785. 

How crude the notions concerning the chemical nature of 
volatile oils were even at the time of Schcele, is shown in a 
dissertation 1 ) of the year 1765 accepted by the University of 
|ena. From it the following propositions or conclusions arc quoted: 

“The essential constituents of volatile oils are of two kinds, solid and 
liquid. To the first class belong sulphur, phlogiston, earth and salts; to the 
second class air, fire and water. The presence of the first is revealed by 
the inflammability of the oils, for every object that burns with a flame con- 
tains much sulphur or phlogiston. The color as well as the coloration of 
the oil likewise argue in favor of their presence. Some oils are yellow, 
others green or blue; with age, the colors become darker. As is known, all 
coloration is due to particles of sulphur or phlogiston. Such oils have a 
penetrating odor, which is caused by their content of volatile saline sulphur 
particles. They, therefore, contain sulphur or phlogiston in sufficiently large 
quantities. 

"In the course of time these oils are converted into a resinous mass, 
a change that is not conceivable without phlogiston. 

"Volatile oils always burn with a smoking flame. All soot, however, 
consists of earth, salt, water and phlogiston. When the oils are treated with 
nitric acid, a residue of earth and carbon remains. 

"Some volatile oils have a higher specific gravity than water. This is 
due to their larger content of earthy constituents and salts." 


1752. De oleis essentia/ihus xthereis eorumque modo operand i et usu. 

Dissertatio ah johann Fricdr. Vangerow. Hallx. 

1759. l)c oleis destillatis xthereis. Dissertatio ah Fr. W. Fiken. Helmstadii. 
1765. be partihus o/eorum xthereorum constitutivis. Dissertatio ah 
Johannes Christ. Schmidtius. Jena.*. 

1765. be partihus oleurum xthereorum constitutivis. Dissertatio ah J. Fr. 
Faselius. Jenac. 

1765. be oleis vegetabi/ium essential/' bus, eorumque partihus constitutivis. 

Dissertatio ah W. B. Trommsdorff. Erfurti. 

1778. De adulterationibus oleum xthereorum. Dissertatio ah K. W. Chr. 
Muller. Goettingen. 

‘) De partihus oleorum xthereorum constitutivis. Dissertatio inaug- 
uralis per Johannes Christianus Schmidtius. Jenae d. 30. Mxrz 1765. 
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Only a superficial insight into the nature of the volatile oils 
was obtained through the study of their properties and their 
behaviour toward strong chemical reagents, a study that was taken 
up at the beginning of the 18. century. Indeed, many of these 
experiments yielded no results whatever. This is true e. g. of 
the repeated distillations of volatile oils with chalk 1 * 3 ) and burned 
lime, such as were undertaken by the otherwise excellent 
chemist Wilhelm Homberg (born 1652, died 1715) about the 
year 1700. 

A better knowledge was attained by careful observation. 
Thus the crystalline deposits formed in some oils upon standing, 
also the congealing of certain oils at lower temperatures, which 
had been observed by Valerius Cordus in 1539, by |oh. Kunkel 
in 1685, by |. H. Link in 1717, by Friedr. Hoffmann in 1701, by 
Caspar Neumann in 1719 and by others, were studied. The 
crystalline parts were regarded as a volatile salt, later as a 
camphor peculiar to each oil, at times also as benzoic acid.-) 
Fr. Hoffmann explained the congealing of oils of rose, anise and 
fennel by assuming the formation of a curdled modification of 
the oil. Caspar Mcumann in 1719 and Cl. J. Geoffrey in 1726 
regarded the crystals formed upon standing as camphor.*) The 
formation of such crystals was observed by Caspar Neumann 4 * * ) 
in the oils of thyme, cardamom and marjoram; in peppermint 
oil by H. I). Gaubius") of Leyden in 1770; in oil of mace by 
). G. Wicglcb") in 1774; in the oils of lavender, rosemary, sage 
and marjoram by Arczula 7 ) in 1785. They regarded these 

l ) Mdmoire . s de t'acaddmie ray ale des sciences de Paris. 1 700, p. 298 
and 1701, p. 129, also C/ieni. //. but an. Abhundlungen dcr Acad. d. Wissensch. 

zu Pans. Translated by Steinwehr. Vol, 3, pp. 155—157. 

3 ) Hagen, Dissertntiu chemica inaugura/is sistens dosimasiam, concre- 
tionum in nonnullis oieis aethereis obsenatarum. Regiomontanae 1748. 

P. J. Macquer’s Diet ionna ire de Chymie. Paris 1766. Deutsche Qber- 
setzung von J. G. Leonhardi. Leipzig 1781. Vol. 4, p. 465, footnote 9. 

J ) bid moires de I'acaddmie roya/c des sciences de Paris. 1726. p. 95. 

*) De saitbus akalino fixis camphors. Berolini 1727. p. 105. 

*) Adversariorum varii argument i fiber unus . Leidae 1771. Sectio 7, 
p. 99- 112. 

*) Vogel’s Lehrsatze der Chemie. Mit Anmerkungen herausgegeben 
von J. G. Wiegleb. Weimar 1775. § 342. 

7 ) Resu/tato de fas expcriencas bachas sobre afeanfor de Murcia con 
iicencia. En Segovia 1789. 
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separations as varieties of camphor, only ). G. Wiegleb thought 
them to be peculiar combustible salts. 1 ) 

The action of strong acids had been observed by Glauber*) 
as early as 1663. The effect of strong nitric acid on a number 
of distilled oils was studied by Olaus Borrichius 8 ) in 1671, by 
). P. Toumefort 4 ) in 1698, by Hasse ft ) in 1783; that of sulphuric 
acid by Joh. Kunkel 3 ) in 1700 and by W. Homberg 7 ) in 1701. 

A more detailed study of the action of strong acids on volatile 

oils was made by Friedrich Hoffmann") and by Cl. ). Geoffroy 9 ) 
in 1726 and by Rouclle 10 ) in 1747. Upon distillation of oils with 
strong hydrochloric acid, especially if the acid was generated 

in an almost anhydrous condition in the experiment, it was 

supposed that compounds of the oil with the acid were obtained. 
Such a supposed compound was known to Homberg “) as early 
as 1709. The preparation, however, of such a compound of 
definite chemical composition was first accomplished by Kindt 12 ) 
an apothecary in Eutin, in 1 803 by the action of gaseous hydrogen 
chloride on turpentine oil. 

The solubility and color of distilled oils also received attten- 
tion during the eighteenth century. Thus Macquer in 1745 published 
his investigations on the solubility of distilled oils in alcohol, which 
were the most extensive on this subject. 13 ) The color of oils 
and the changes in color were studied by Wilh. Homberg 14 ) in 

! ) See p. 74, footnote 6. 

*) R. Glauberii Prosperity Germannc. Amstelod. 1656. 

n ) Ac tn medial et philosophies Haffnienses. 1671. p. 133. 

') fiistoria regilt scientiarum academia:. Autore du Hamel. Parish 
1701. p. 495. 

r ‘) Crell's Neueste Entdeckungen in der C/iemie 8 (1783), 38. — Crell's 
Chem, Annalen 1 (1785), 417. 

H ) Laboratorium chymicum. Hamburg 1716. p.347. 

T ) Chem. botan. Abhandlungen der kbnigl. Acad. d. Wissensch. in Paris. 
Translated by Steinwehr. 1, 720. 

H ) Observatorium physico-chimicarum selectiorurn. 1712. Liber III, p. 123. 

") M6moires de facad^mie roya/e des sciences de Paris. 1738, 95. 

"’) ibidem. 1747, 45. 

") Chem. botan. Abhandl. d. kOnigi Acad. d. Wissensch. in Paris. Trans- 
lated by Steinwehr. 3, 155—167. 

”) Trommsdorff’s Joum. d. Pharmacie It, II. (1803), 132. 

'*) MGmoires de I’acadtmie roya/e des sciences de Paris. 174o, 4. 

“) Chem. botan. Abhandl. d. kOnigi Acad. d. Wissensch. in Paris. Trans- 
lated by Steinwehr. 3, 155-167. 
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1707 and by Jacobs). Bindhcim 1 ) of Moscow in 1788. The latter 
arrived at the conclusion that the color depends on a larger 
or lesser amount of resin carried over in the process of distil- 
lation, hence the darker colored oils are apt to contain consider- 
able resin. Bindhcim also determined the yield of oils, especially 
of those of chamomile and peppermint, by distilling larger amounts 
of these herbs. 

In 1793 and 1794 Margucron studied the action of frost on 
volatile oils and observed the formation of crystals and congealing 
in connection with a number of the more common oils.*) 

As has already been pointed out, the phlogistic theory 
afforded no satisfactory basis for the study of organic substances 
and consequently of volatile oils. With the discovery of oxygen 
by Schcelc and Priestley during the years 1771 !{ ) to 1774 and 
the ingenious interpretation of this and other discoveries by 
Lavoisier with the aid of the balance, a reaction against the 
phlogistic theory set in which resulted in the inauguration of the 
present chemical period. The study of the chemical constitution 
of substances was placed on a rational scientific basis. Inorganic 
chemistry, having to deal with the simpler substances, profited 
first by the new theories of the opponents of the phlogistic 
school. Organic chcmisty, and with it the study of the volatile 
oils, were benefited somewhat later. 

Though of little consequence, the experience of the Dutch 
chemists Deimann, Troostwyck, Bond and Lauwerenburg 1 ) should 
here be mentioned. They passed the vapors of volatile oils 
through red hot iron tubes and examined the resulting gases. 
At the same time they made the bold attempt to synthesize oils 
by the action of gaseous hydrogen chloride on olefiant gas. 

The first investigation suggested by the new theories that 
was of positive value, was the elementary analysis of turpentine oil 

') Crell's Chem. Annalen. 17 HS, H. 219 and 488. 

*) |ourn. de Chim. et de Phys. 2 (1794) 178. — Crell’s Chem. Annalen. 
171)5, 11. 195, 310 and 430. 

a ) A. E. von Nordenskiold, Scheele’s nxchge/assene Briefe und Auf- 
zeichnungen. Stockholm 1892. pp. XXI, 86, 408, 458 and 466. — Pharm. Rund- 
schau (New York) 11 (1893), 28 and 48. 

*) |oum. de Chim. et de Phys. 171)4, II. 178. — Crell’s Chem. Annalen. 
17H5, II. 195, 310 and 430. 
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made by Houtton-Labilliardierc. 1 ) He found the ratio of carbon 
to hydrogen to be five to eight, the same that was later esta- 
blished for all hemiterpenes, terpenes, sesquiterpenes and poly- 
terpenes. 

Attention has already been called to the crystalline deposits 
that had been observed in the course of several centuries. These 
were mostly considered as identical with ordinary camphor be- 
cause like it they were volatile, soluble in alcohol and fatty oils, 
and burned with a smoky flame. Only in a few instances, 
however, had these deposits been proven to be identical with 
camphor. Berzelius,-) therefore, argued against the indiscriminate 
generic use of the term camphor. 

"Several writers have applied the term camphor to all solid volatile 
oils. Thus a well known term of a commonly used substance has been given 
a different meaning from the one of long standing, because of this dis- 
advantage 1 felt myself constrained to disregard entirely this use of the word 
camphor." 

In its place he suggested the use of the term stcaroptene 
(from oiKto, tallow, and volatile). He pointed out the 

analogy existing between volatile and fatty oils in so far as they 
can be a mixture of several oils having different congealing 
points. Thus oils may, under favorable circumstances, be separa- 
ted into an oil which is solid at ordinary temperature, the 
stcaroptene, and one which is liquid at low temperatures, the 
claoptcnc (from //.<««>', oil, and volatile.’ 1 ) 

The result of this was that the solid deposits from volatile 
oils were thereafter designated alternately stcaroptene as well 
as camphor. Up to this day the misuse of the term camphor 
has not ceased as becomes apparent from such words as cedar 
camphor, cubeb camphor, juniper camphor, etc. 

Soubeiran and Capitainc ') made matters even worse by 
applying the term “liquid camphor” to the liquid hydrogen-chloride 
addition products of the terpenes. After it had been shown that 
true camphor contained oxygen, the term camphor in its generic 
sense was also applied to other oxygenated constituents of 
volatile oils though they were liquid. 

*) Journ. de Pharm. 4 (1818), 5. 

*) Berzelius, Lchrhuch der Chemie. 3. ed, 1837. vol. b, p. 580. 

”) Berzelius, Lehrhtich der Chemie. 3. ed. 1837. vol. b, p. 580. 

‘) Liebig’s Annalen 34 (1840), 311. 
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In 1833 Dumas published an article entitled Uber die 
vegetabilischen Substanzen, welche sich dem Campher nahern 
und iiber einige atherische Ole. *) Although a number of im- 
portant observations of rather striking properties of individual 
oils had been made, the systematic study of the volatile oils 
may be said to have begun with the analysis of a number of 
stearoptenes by Dumas. He suggested the following classification 
of volatile oils: 

1. Those that consist of carbon and hydrogen only, like turpentine oil 
and oil of lemon; 

2. Those that contain oxygen, like camphor and anise oil; 

3. Those that contain sulphur/) like mustard oil, or nitrogen, like oil 
of bitter almonds. 

The elementary analysis of solid peppermint oil, camphor 
and solid anise oil revealed the composition C.Hj,, 1 *0, C 5 H h j /*0 
and QH,/ ■-•0. By doubling these formulas of Dumas the modern 
formulas for the respective substances arc obtained. 

Of the oxygen-free oils, he analyzed turpentine oil and the 
hydrocarbons of lemon oil, verifying the earlier results of Houtton- 
Labilliardicre. During the years 1833—1835, Dumas published 
further contributions on the subject of volatile oils, several jointly 
with Pelouze and Peligot. They pertain to artificial camphor 
(pinene hydrochloride), mustard oil, cinnamon oil, terpin hydrate, 
orris oil, pepper oil, oil of juniper berries and others. 

Almost simultaneously with the first publications by Dumas, 
Blanchet and Sell 1 *) published the results of their investigation 
which had been carried out in Liebig’s laboratory and which 
involved in large part the same substances studied by Dumas. 
The most noteworthy result of these investigations is the re- 
cognition of the identity of the stearoptene from fennel oil with 
that from anise oil. 

Several years later, in 1837, the highly important and very 

*) Liebig’s Annalen 6 (1833), 245. 

*) The fact that mustard oil contains sulphur was recognized by Thibierge 
in 1819 ()oum. de pharm. 5, pp. 20, 439 and 446; Trommsdorff's Neues Journ. 
d. Pharm. 4, II. p. 250). That sulphuretted hydrogen is given off during the 
distillation of several umbelliferous fruits, such as caraway, dill, fennel, etc., 
uas pointed out by L. A. Planche of Paris in 1820. (Trommsdorff’s Neues 
Journ. d. Pharm. 7, I. p. 356.) 

’) Liebig’s Annalen 7 (1833), 154. 
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interesting results of Liebig and Woehler’s work on bitter almond 
oil were published. 1 ) As early as 1802 Schrader and Vauquelin 
had discovered hydrocyanic acid in the distillate of bitter almonds. 
In 1822 Robiquet showed that no volatile oil preexisted in the 
almonds, and with Boutron-Charlard he had prepared amygdalin in 
1830. They had not succeeded, however, in preparing bitter almond 
oil from amygdalin. That amygdalin is decomposed by cmulsin 
into benzaldehyde, hydrocyanic acid and sugar was demonstrated 
by Liebig and Woehler. They also point out that the manner 
of formation of mustard oil must be closely related to that of 
bitter almond oit, for the mustard seeds deprived of their fatty 
oil possess no odor, this being produced only when water is 
present. The investigation of mustard oil by Will -) in 1844 sub- 
stantiated this supposition. 

Chemists now became especially interested in the action of 
hydrogen chloride on various terpenes and in the resulting hydro- 
chlorides, some of which were solid, others liquid; also in the 
study of terpin hydrate and its decomposition products. The 
study of the literature pertaining to these subjects is rendered 
difficult by the error of regarding mixtures of several substances 
as chemical individuals and describing them as such;*) further 
by the fact that almost every author, irrespective of the work 
of others, coined a nomenclature of his own. 4 ) 

Crystalline pinene monohydrochloride had been discovered 
by Kindt, 5 ) an apothecary, in 1803. He regarded it as artificial 
camphor, a view shared by Trommsdorff.*) The true composi- 
tion of this compound was ascertained by Dumas in 1833. 

*) Liebig’s Annalen 22 (1837), 1. 

*) Liebig's Annalen 52 (1844), 1. A more complete insight into the 
mechanism of the reaction by which mustard oil is produced was supplied 
by the later investigations of Will and Koerner in 1863. Liebig’s Annalen 
125 (1863), 257. 

3 ) This confusion continued until Wallach cleared up the situation. 

*) The historical development of this chapter of the chemistry of the 
terpenes is described in Terpene und Terpenderivate, ein Beitra# zurGeschichte 
der Stherischen Oe/e by E. Kremer’s (Pharm. Rundschau 9 (1891), 55, 110, 
159, 217, 237; and 10 (1892), 10, 31, 60; also Proc. Wise. Acad. Sc. Arts and 
Letters, 8, pp. 312-262). 

ft ) Trommsdorffs joum. d. Pharm. 11, II. 132. 

•) Ibidem, p. 135, 
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Crystalline dipentene dihydrochloridc was discovered by Thenard 
in 1807. It is the sjlzsnurcs Citronendl, muriate of lemon 
oil, of Blanchet and Sell, the artificial lemon camphor of Dumas. 
These and similar substances were investigated by Soubeiran 
and Capitainc (turpentine oil), Dcville (turpentine oil and elemi 
oil), Schwcizcr (carvcnc) and Herthelot (turpentine oil).*) The 
formation of terpin hydrate and the action of acids on this 
substance was studied principally hy Wiggcrs, List, Deville and 
Hcrthclot.*) 

A paper published about this time (1841) by Gcrhardt and 
Cahours ;t ) is of special interest in so far as it contains a definition 
of a volatile oil which in a general way holds good to-day. It 
also makes known new methods of investigation. About oils in 
general the authors state: 

“There arc, indeed, but very few oils which can be crystallized; most 
oils are liquid and consist ot a mixture of two and even three peculiar 
substances, which rarely are obtained by themselves when distilled at different 
temperatures." 

The separation of the individual substances is effected by 
first allowing any solid constituent to crystallize out, then the 
lower boiling hydrocarbon is isolated by distillation at a tempera- 
ture 20 30 below the boiling point of the crude oil.') Inasmuch, 
however, as the hydrocarbon cannot be completely freed from 
oxygenated constituents in this manner it is treated with fused 
alkali. The oxygenated constituents also are subjected to like 

M Ot latci investigators of this subject Oppcnheim (1864), Hell and Ritter 
(1884), Houchardat and Ufont (188o), and finally Wallach (1884- 1887) may 
be mentioned. 

s ) The same subiect was later investigated by Oppenhcim (1864), f lawitz- 
ky (1870), Tilden (1878 70), Houchardat and Voity ( 1887). Here also Wallach's 
exact investigations revealed the fact that different acids, as well as the same 
acid m different degrees of concentration, produce different results. 

'') Iiebig’s Annalcn Hs (1841), 67. 

') fractional distillation, however, had been previously employed in the 
examination of volatile oils. As early as 1838 Waltei had subjected pepper- 
mint oil to interrupted distillation, gehnn'hene Destination (Gtnelin, Hand- 
hitch d Chvnr. [4j, vol. 7a, p. 4(14). In 1840 Volckel (l iebig’s Annalen 35, ,30b) 
speaks of "fractional distillation.” Already BLinchct and Sell in 1833 had 
applied hactionation with water vapor as a means of separation and had 
found that the lirst fraction of lemon oil boiled at 167 , the last fraction 
at 173 . 
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treatment with fused alkali, and cumin oil is thus made to yield 
cuminic acid, oil of valerian valeric acid. 

Strong reagents were also employed by Rochleder, Persoz, 
Laurent and Gerhardt in order to obtain an insight into the nature 
of volatile oils. They oxidized either the entire oil or fractions 
thereof with chromic acid or nitric acid. Their investigations 
included the oils of valerian, sage, anise, staranise, fennel, cumin, 
cinnamon, tansy and estragon. The conclusions drawn from 
these oxidation experiments were in part correct, in part wrong. 
Thus e. g. Gerhardt pointed out the identity of dragpnic acid, 
obtained from estragon oil, with anisic acid, and claimed that 
estragon oil and anise oil were absolutely identical. This con- 
clusion was wrong, for the anethol of anise oil is paramethoxy- 
propenylbenzene, whereas the formation of anisic acid from 
estragon oil is due to the presence of paramethoxyallylbenzene. 1 ) 

Moreover, this method rendered it impossible to decide whether 
a substance obtained after the oxidation preexisted in the oil or 
not. Thus camphor was found in several oxidized oils and was 
regarded as an original constituent although, as was the case 
in the oils of valerian and sage, it had resulted from borneol. 
Persoz, however, seems to have had doubts as to the reliability 
of these conclusions, for he leaves it undecided whether the 
camphor obtained from oil of tansy was contained in the oil or 
not. As a matter of fact, tansy oil contains camphor as an 
original constituent, 2 ) this being less readily attacked by the 
oxidizing agents than the other constituents of the oil. 

Of considerable importance in the further development of the 
chemistry of volatile oils are the investigations of Berthelot from 
1852 to 1863 , which involve principally the hydrocarbons contained 
in these oils. He studied first of all the hydrocarbon of turpen- 
tine oil 8 ) and its isomers and polymers obtained from its hydro- 
chloride. By heating pinene hydrochloride with barium stearate 
or sodium benzoate he obtained a new hydrocarbon which he 

J ) This difference was first ascertained in the laboratory of Schimmel & Co. 
(Report of Schimmel & Co. April 1*92, 30) and verified by Grimaux in 1893 
(Compt. rend. 117, 1189). 

**) Report of Schimmel $ Co. October 1895, 46. 

*) Compt. rend. 55 (1862), 496 and 544; also Liebig’s Annalen, Suppl. 11. 
(1862-63), 226. 

GlLDFMEIKTbR, THE VOLATILE OHS. 6 
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regarded as '‘camphene proper” 1 ) and which is identical with 
the camphcne of to-day. This new camphene was either dextro- 
gyrate, Isevogyrate or optically inactive according to the turpentine 
oil employed. Bcrthelot, therefore, distinguished between the 
following hydrocarbons: 

1. Terebentene (/-pinenc) from French turpentine oil, laevogyrate*) 
b. p. 161 ". It yields a la.*vogyrate monohydrochloride, also under 
proper conditions an inactive dihydrochloridc (dipentene dihydro- 
chloride). 

2. Terecamphene (/-camphene) from terebentene hydrochloride, lasvo- 
gyrate, m. p. 45', b. p. 160 . With hydrogen chloride it forms a 
dextrogyrate hydrochloride. 

3. Australene (rZ-pinene) from American turpentine oil, b. p. 161 ", dextro- 
gyrate like its hydrochloride. Its behavior to hydrogen chloride is 
analogous to that of terebentene. 

4. Austracamphene ((/-camphene) from australene hydrochloride. It 
corresponds to terecamphene. 

5. Inactive camphene (/-camphene) can be obtained by proper treatment 
from the hydrochloride of terebentene as well as that of australene. 

6. Terchene /) b. p. 160 . 

These six hydrocarbons arc isomeric and have the formula 
Cm Hoi. With these the following are polymeric: 

1. A liquid hydrocarbon boiling at 250 which is probably a sesqui- 
tercbene, Cu, H n . 

2. Ditcrebene (Devillc’s eolophene) Colins, an inactive liquid boiling 
at about 300 . 

3. Several polyterebenes C„ H> H,^, optically inactive liquids becoming 
more and more viscid, which boil between 360 and a dark red heat. 

After a discussion of the methods of formation of the in- 
dividual hydrocarbons, Bcrthelot continues: 

*) Soubeiran and Capitaine in 1840 had applied the term camphene to 
all hydrocarbons C.-.Hh (Liebig’s Annalen 84, 311). 

•') The rotatory power of volatile oils was first observed by Biot in 1817 
in connection with French oil of turpentine (Memoires de 1’Acad. des Sc. 18), 
later also with oil of lemon. The turpentine oil was shown to be Ia;vogyrate, 
the oil of lemon dextrogyrate. In 1843, Leeson of London found that American 
turpentine oil possessed a rotatory power opposite to that of the French oil. 
This observation was soon after verified by Pereira and Guibourt. Pereira 
introduced the terms lajvo-gyrate and dextro-gyrate (Pharm. Joum. '» [1845], 70). 

■*) This substance which was considered a chemical unit by Berthelot 
was shown by Riban to be a mixture of a terpene, cymene and camphor. 
Power and Kleber in 1894 found camphene, dipentene, terpinene and cymene 
in terebene. (Pharm. Rundsch. IS 11894], 16.) 
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In accordance with the known facts, the hydrocarbon CioHu — e.g. tere- 
bentene — may be regarded as the starting point of two series: 

1. Of a monatomic or camphol ') series (monohydrochlorides or chlorine 

esters of camphol, C, U H 17 CI; camphene, camphol alcohols, 

C,.H W Q); 

2. Of a diatomic or terpil series (dihydrochlorides, C.oH^CL; terpilene, 
Ci 0 Hi«; hydrate Ci 0 H* 0 Oi). 

Each of these two series constitutes a larger group, which can be 
divided into secondary series (australene, terebentene, etc.) the parallel and 
isomeric members of which occur in twos; each has as type an inactive 
hydrocarbon, namely camphene in the first group, terpilene in the second. 

A similar, but much less detailed classification was attempted 
by Gladstone-) in 1864, after having determined the specific 
gravity, the index of refraction and the optical rotation of a 
number of oils. By means of fractional distillation he isolated 
the hydrocarbons of various oils, rectified them by distillation 
over sodium and arranged them into three large groups: 

1. Hydrocarbons of the formula C| 0 H,« which boil between 160— 17(T; 

2. Hydrocarbons of the formula Ci 5 H m which boil between 249 260"; 

1 Colophene, C a «H M , b. p. 315", representing the third group. 

About this time the word tcrpenc was introduced, evidently 
by Kekule. In his Lehrbuch der organischen Che/niv (1866) 
vol. 2, p. 437, the following statement occurs: 

" jndrersvits das TerpcntinOl und die / ahlreidten mit ihm isomeren 

Kohlemn asserstoffe, welchc im allgemeinen als Terperte bezcichnet wvrdcn 
mOgen." 

His investigations, preceded by those of Barbier and Oppcn- 
heim were of considerable importance, inasmuch as by revealing 
the relations between the terpenes and cymcne, they threw new 
light on the molecular structure of these hydrocarbons. 

Almost simultaneously Barbier :l ) and Oppenhcim 4 ) obtained 
cymene by heating the dibromidc of terpin either by itself or 
with aniline. By the action of iodine on turpentine oil, Kekuld*) 
obtained the same hydrocarbon. He, therefore, thought himself 

M Berthelot changed the name borneol to camphol. Liebig’s Annalen 
110 (1859), 368; from Compt. rend. 47 (1858), 266. 

-) Joum. chem. Soc. 17 (1864), 1. A second contribution appeared eight 
years later. Ibidem, 25 (1872), 1. 

3 ) Compt. rend. 74 (1872), 194. 

4 ) Berl. Berichte 5 (1872), 94. 

■) Berl. Berichte 6 (1873), 437. 

6 * 
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justified in supposing six atoms of the turpentine oil to be arranged 
in similar manner as in benzene. Further, that the methyl and 
propyl groups in the turpentine oil occupy the same relative 
positions as in cymcne. 1 ) 

This view of the constitution of the terpenes was the pre- 
dominant one for a long time. It is only recently that researches 
have revealed facts not in harmony with this view. With this 
the question of the constitution of the terpenes had its origin. 
Important in this direction was also the synthesis of a terpene — 
the polymerization of isoprcnc to dipentene — by Bouchardat ’) 
in 1875. 

In the same year, Tildcn :i ) found that the hydrocarbon of 
turpentine oil combines with nitrosylcliloridc to form a well 
crystallizing compound. Together with Stenhouse, he applied 
this reaction to the terpenes from the oils of sage, orange, lemon 
and bergamot. On the behavior of these hydrocarbons to nitrosyl- 
chloride he based a new classification, concerning which he 
makes the following statement: 

“The natural terpenes are colorless limpid liquids which vary in specific 
gravity from about 0.84 to about 0.86. They are divisible into two groups 
as follows: — 

1. Turpentine group: b. p. 156 r to 160 ; m. p. of nitroso-derivative 129 ; 
form solid crystalline hydrated terpin CioH a „OiH 2 0. 

2. Orange group: b. p. 174 to 176 ; m. p. of nitroso-derivative 71 5 ; 
form (by Wigger's process) no solid crystalline terpin hydrate. 4 ) 

The liquids included in each group are allotropic modifications of the 
same hydrocarbon distinguished one from another by their various rotatory 
action on the polarized ray. It will, however, be found 1 believe that the 
terpenes from several different plants will on further examination be con- 
clusively proved to be really identical and not simply isomeric. This, I believe, 
to be the case with the terpenes from I rench turpentine and sage, also with 
the terpenes from orange peel, bergamot and lemon." 

Tilden’s prediction, that the number of terpenes would be 
shown to be much smaller than assumed in his days, has proven 

’) Kekule's formula lor camphor was based on the same consideration. 

*) Compt. rend. SO (1875), 1446. 

') lourn. chem. Soc. 28 (1875), 514; Ibidem, 81 (1877), 554; Pharm. 
Journ. 111. S <1877), 101. 

4 ) This statement is incorrect, for dipentene and hmonene likewise 
produce terpin hydrate. Comp. Hiickiger, Arch, der Pharm. 22*2 (1884), 362; 
also Kremcrs, Americ. chem, Journ. 17, 695. 
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itself true. His classification, however, was insufficient, for it 
included only a small number of terpenes. Indeed the material 
at hand was not sufficiently sifted for an attempt of that kind. 
It consisted of a large number of disconnected observations, the 
study of which was rendered difficult by an arbitrary nomenclature. 
Only by a systematic exploration of this disorderly realm could a 
clear insight into the subject be gained. 

That we are able to-day to distinguish sharply between so 
many terpenes and their derivatives is due primarily to the excellent 
experimental researches of Otto Wallach, the founder of modern 
terpcnc chemistry. 

Inasmuch as it was impossible to isolate the numerous ter- 
penes boiling between 155 and 185 by fractional distillation, 
methods had to be sought which enabled the characterization 
of these hydrocarbons, even in mixtures, by means of crystalline 
derivatives. Only after the characterization of the numerous 
isomers was accomplished was it possible to study successfully 
the relation of one terpene to another, the relation of the ter- 
penes to their oxygenated derivatives, and the problem of their 
constitution. 

These problems have been solved in so far that it is now 
possible to identify many if not most terpenes without great 
difficulty. The inversions, or changes from one to the other, 
arc also better understood. The problem of their constitution, 
however, is still far from a satisfactory solution, though structural 
formulas have been proposed for a number of the terpenes. 

In 1884 Wallach 1 ) began his researches on this subject with 
the investigation of the oil of wormseed (Oleum cirne). Three 
years later he was in a position to characterize eight terpenes 
by means of crystalline derivatives (tetrabromides, hydrochlorides, 
hydrobromides, nitrosites etc.), viz. pinene, camphene, limonene, 
dipentene, sylvestrcnc, terpinolene, terpinene and phcllandrene. 

') Wallach's contributions are to be found in the following volumes of 
Liebig’s Annalen: 225, 227, 230, 238, 239, 241, 245, 246, 252, 253, 258, 259, 
263, 264, 268, 269, 270, 271, 272, 275, 276, 277, 278, 279, 281, 284, 286, 287, 

289, 291, 296, 300, 302, 305, 306, 809, 312, 313, 314, 315, 319, 323, 324, 327, 

329, 331, 332, 336, 339, 340, 343. 345, 346, 347, 350, 353, 356, 357, 359, 360. 

— Several papers from his pen are to be found in the Berl. Berichte 28 (1890) 

to 40 (1907). 
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To these fenchene was added later. The sesquiterpenes were 
also included in his investigations. Three of these were well 
characterized, viz., cadincne, caryophyllene and clovene. The 
reactions that were applied were for the most part first studied 
in connection with simpler substances. Thus a series of con- 
tributions resulted including amylene, indene, methylindene, ane- 
thol, isosafrol etc. 

Hand in hand with these investigations, researches were con- 
ducted with the oxygen derivatives of the terpenes which have a 
greater capacity for reaction. Of these even less was known. Like 
the terpenes, they were characterized by crystalline derivatives. 

The genetic relationship between the terpenes themselves 
and also that existing between the terpenes and the oxygenated 
constituents of the volatile oils was revealed by transforming 
the one into the other. These changes were of the greatest 
importance in the study of the chemical constitution of these 
compounds. Moreover, this study yielded numerous new com- 
pounds, among them such as methylheptenone, which are found 
in volatile oils. Mention may here be made of the relation 
existing between the terpenes, terpin hydrate and the terpineols; 
between the members of the carvonc group; of cineol; and of 
the first synthetic oxide of a terpene, the pinol and its hydrate. 
Mention may also be made of the more recent work on terpinene, 
the terpincnol, terpinene terpin and terpinene cineol and their 
relation to sabinene and thujene. As a chapter by itself, mention 
should be made of the study of the camphor and fenchone groups, 
which were made possible by the discovery of the latter ketone 
and its optical isomers. These studies led to the preparation 
of numerous new derivatives as did also those connected with 
the discovery of thujone. 

When the cleavage of pulegone made 1 ,3-methylheptenone 
a readily accessible substance, the study of alicyclic compounds 
resulted in a considerable number of papers. These substances 
are mostly closely related to the terpenes and their derivatives. 
Hence many a reaction was first studied in connection with 
these simpler substances in order to be applied later to the more 
complicated terpenes. These simpler substances, e. g. isopropyl 
hexenone, nopinone, sabinaketone having been obtained from 
other terpene derivatives, were in turn used for synthetic pur- 
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poses. In this connection methods of condensation were studied, 
especially those with brom substitution products of the fatty 
acids. Thus were accomplished the syntheses of menthene, 
phellandrene, terpincne, ; *-pinene, fenchcne, and of homologues 
of the terpenes. 

An important place in Wallaces researches is occupied by 
the successful efforts to unravel the isomeric complications so 
prevalent in the terpene group. Thus special investigations dealt 
with the study of optical isomerism, molecular refraction, cleavage 
of cycles as well as their formation, hydration and other physical 
and chemical problems. 

After Wallach had removed the principal difficulties in the 
investigation of volatile oils, other chemists also developed a 
successful activity. A. v. Baeyer's valuable investigations into the 
constitution of the terpenes and related compounds appeared in the 
Jierichte der deutschen chemischen Gesel/schaft since 1893. 

Whereas Wallach and v. Baeycr investigated primarily the 
cyclic compounds, Semmler paid special attention to chain 
compounds. He showed that the alcohols gcraniol and linalool 
and the aldehydes citral and citronellal, which occur frequently 
in volatile oils, are chain compounds; also that they, like the 
more or less closely related cyclic compounds, can be converted 
into cymenc. Later, Scmmler’s activity extended to practically 
all fields of volatile oil and terpene chemistry. Of the terpenes 
he examined sabinene, camphene, phellandrene, camphenilone. 
Among other problems, Semmler cleared up the constitution of 
buchu camphor, of santalol and of myrtenol. To him we are 
also indebted for our knowledge of the constituents of the oils of 
asarum, of East Indian sandalwood, of pilea oil, ayapana oil, etc. 
Practically all of his results have been published in the Be- 
richte der deutschen chemischen Gesellschaft. 1 ) 

In this connection the work of Tiemann and his colaborers, 
which began with the nineties of the past century, should be 
mentioned. This included the isolation of irone, the principal 
constituent of orris oil; later this led to the synthesis of ionone, 
which possesses the aroma of the violet. In this connection he 
published numerous articles on the chemistry of citral. 

’) Berl. Berichte 28 (1890) to 41 (1908). 
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To these fenchene was added later. The sesquiterpenes were 
also included in his investigations. Three of these were well 
characterized, viz., cadincne, caryophyllene and clovene. The 
reactions that were applied were for the most part first studied 
in connection with simpler substances. Thus a series of con- 
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also a very meagre description of the physical properties of the 
oils and their behavior toward reagents. Maier’s ‘) later treatise 
also takes into consideration the scientific investigations. The 
methods of preparation and the subject of distillation arc described 
in detail by Mierzinski.*) A similar work was written by Askinson.®) 
Die Toiletten-Chemic of Hirzel, 4 ) which passed through four 
editions, also “The art of perfumery” by Piesse, 6 ) which was 
translated into several languages, may here be mentioned. 

The results of the earlier papers by Wallach are contained 
in the excellent work of Bornemann,") whereas the Odorographia 
of Sawer 7 ) emphasizes the botanical side of the subject. 

Indispensable to scientific work on the chemistry of the 
terpenes was the monograph of F. Heusler") which comprises 
the otherwise scattered literature up to the close of the last 
century. Translated into English by F. |. Pond”) and supple- 
mented, it was published in the U. S. in 1892. Restricted to the 
sesquiterpenes is the smaller monograph by 0. Schreiner. 10 ) 

Shortly after the appearance of Die atherischvn Ole by 
E. Gildcmcistcr and Fr. Hoffmann, a similar work in French was 
published by Charabot, Dupont and Pillct, 11 ) another in English 
by E. |. Parry. 1 *) 

*) Dr. Julius Maier, Die Sthcmchen 0/e, ihre Gewinnung, chcnmchen und 
physikalischen Eigenschaften, Zusammensetzung //. Anwcndung. Stuttgart 1867. 

J ) Dr. Stanislaus Mierzinski, Die Fabrikation der itherischen 0/c und 
giechstoffe. Berlin 1872. 

■’) Dr. George William Askinson, Die Fabrikation der Stberischen 0/e. 
Wien 1876. 

4 ) Dr. Heinrich Hirzel, Die Toi/etten-Chemie. Leipzig 1864 and sub- 
sequent editions. 

■') S. Piesse, The Art of Perfumery. London 1862 and subsequent editions. 

*) Dr. Georg Bornemann, Die f/uchtigen 0/e des Pflanzcnreichs , ihr Vor- 
kommen, ihre Gewinnung und Eigenschaften, ihre Untersuchung und Ver* 
wendung. Weimar 1891. 

7 ) J. Ch. Sawer, Odorographia. London 1892—1894. 

") Dr. Fr. Heusler, Die Terpene. Braunschweig 1896. * 

") The Chemistry of the Terpenes by F. Heusler. Authorized Translation 
by Francis J. Pond. Carefully revised, enlarged and corrected. Philadelphia 1902. 

,0 ) 0. Schreiner, The Sesquiterpenes. A Monograph. Milwaukee 1904. 

“) E. Charabot, J. Dupont et L. Pillet, Les hui/es essentict/es et /eurs 
principaux constituants. Paris 1899. 

,s ) Ernest J. Parry, The Chemistry of Essential Oils and Perfumes. 
London 1899 and 1910. 
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Dealing primarily with artificial perfume materials, but also 
with natural products, the smaller works by J. M. Klimont, 1 ) 
E. Charabot,*) P. Jeancard and C. Satie, 3 ) G. Cohn 4 ) and R. Knoll 8 ) 
should be mentioned. 0. Simon's") book deals exclusively with 
analysis. 

Also indispensable to the terpenc chemist working along 
scientific lines are the excellent treatises on related subjects 
by C. Harries 7 ) and 0. Aschan. s ) 

Die atherischen Ole is the title of a large four volume 
work by Scmmlcr 9 ) published between 1905 and 1907. It is 
replete with references to original literature and treats of all 
substances found in volatile oils and might well have been labled 
“Chemistry of the constituents of the volatile oils.” Finally, 
there should be mentioned the recent French book on volatile 
oils by Durvellc. 1 ") 

This extraordinary growth of our knowledge of the volatile 
oils during the past twenty-five years has had a very stimulating 
effect on the practical development. Hence, parallel with the 
scientific development, the industry of volatile oils and artificial 
perfumes has to record a vigorous growth. Older factories, 
having outgrown their former quarters, had to be enlarged, and 
a number of new factories, both foreign and domestic were 
established. 

The progress made in the investigation of the composition 
and properties of the volatile oils has resulted in a similar 

') |. M. Klimont, Die syntbetiseben und isolierten Aromatica. Leipzig 1899. 

*) E. Charabot, Lea Parfums artificiels. Paris 1900. 

*) P. leancard et C. Satie, Abrdgt de la Chimic des Parfums. Paris 1904. 

h G. Cohn, Die Riechstoffe. Braunschweig 1904. 

’) R. Knoll, Synthctische und iso/ierte Riechstoffe und dcren Dar- 
ste flung. Halle 1908. 

*) 0. Simon, Laboratoriumsbuch fur die Industrie dcr Riechstoffe. 
Halle 1908. 

7 ) C. Harries, Einkernige hydroaromatische Verbindungen einscblieSlich 
der Terpenc und Campberarten. Erschienen im Lehrhuch der organischen 
Cbemie of Victor Meyer and Paul Jacobson. Leipzig 1902. 

s ) 0. Aschan, Cbemie der alicyc/iacben Verbindungen. Braunschweig 1905. 

") h. W. Semmler, Die Stberiscben 0/e nach ibren ebemiseben Bestand- 
teiien unter Berucksicbtigung der gescbicbt/ichen Entwickiung. Leipzig 
1906—1907. 

I0 ) J. P. Durvelle, Fabrication des Essences et des Parfums. Paris 1908. 
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development of the analysis of these oils. Hence the pharma- 
copoeia! requirements concerning the volatile oils have become 
more specific and exacting. Mot only are pure oils demanded, 
but such that are rich in active constituents. However, the 
great variation existing in the requirements of the several 
pharmacopoeias, merely reveals the fact that the composition of 
these natural products as well as the variation to which they 
are subject, has not yet been sufficiently investigated. Hence 
the methods of testing still leave much to be desired. If this 
is true of the oils used medicinally, which as a rule are among 
the better known oils, this lack of knowledge is felt even more 
among the non official and lesser used oils. The recent rapid 
scientific and technical development of this field, however, 
justifies the hope that the present defects will be removed in 
the not distant future, and that problems still to arise will also 
be solved in a satisfactory manner. 



ill. HISTORY OF INDIVIDUAL VOLATILE OILS. 


TURPENTINE OIL 

The oils obtained by the distillation of the oleorcsins of 
various Abietinex were known to the ancients as cedar oil 
(.untfitAunr) 1 ) and later became known as turpentine oil. The 
oil as well as the resin, the colophonium, were used by seafaring 
people. The preparation of turpentine oil, as recorded by Dios- 
coridcs, is described in the next chapter. Taking into consider- 
ation the perfection of varnishes and lacquers employed by the 
Chinese, it may be supposed that coniferous oils were distilled 
and used by them. However this may be, the oils of the 
Abietinex obtained in a crude manner have evidently been the 
first volatile oils that found commercial use and technical 
application. 

The name turpentine oil seems to have been introduced 
during the period of Greek civilization. Like the older synonyms 
(cedar oil, etc.) it apparently was used as a collective term. It 
is of Persian origin,-) and may have been derived from the name 
of the resinous exudation of the Cyprian species Pistacia tere - 
binthus, L, 

As far as is known to history, the preparation of turpentine 
oil probably had its origin in the Caucausus and its south-western 
spurs. In central Europe it became known during the middle 
ages, somewhat later also in northern Europe. The North 
American industry had its origin in the dense and extensive pine 

') Herodoti Historic. Lib. il. 85. — Dioscorides, De materia medics, 
Lib. I. 34, 39, 80. Editio Kuhn-Sprengel 1829. 1, 93. — Plinius, /V aturalis 
historic libri , Lib. XV, cap. b- 7 and Lib. XVI, cap. 22. 

*) Huckiger, Pharmakognosie, 3 nd ed., p. 77. 
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forests of the South Atlantic States and developed in the 
beginning of the eighteenth century especially in Virginia and 
Carolina. 1 ) 

Inasmuch as the crude turpentine oil found little or no use 
in either household economy or in religious rites, it is but seldom 
mentioned in early literature. Attention has already been called 
on pp. 17, 29, 30, and 38 to mentionings by the older writers. 
Since its introduction into medicine, the mediaeval works on 
distillation and materia medica make mention of the oil. In 
addition to the references by A. Villanovus and R. Lullus, who 
lived in the thirteenth century, to which attention has been 
called on pp. 31 and 33, mention is made of oil of turpentine 
by the following writers of the fifteenth century: Saladinus of 
Asculo-) and the canon Johann of Santo Amando of Doornyk 8 ); 
during the sixteenth century by Walter Ryff, 4 ) Conrad Gesner,') 
Joh. Baptista Porta, 0 ) Valerius Cordus 7 ) and Adolphus Occo. H ) 

Attention has already been called to the synonymous usage 
during the seventeenth century of the designations of alcohol 
and turpentine as aqua ardens and spiritus. The name Spiritus 

h Prof. Peter Kalm's Reise nacb dem nbrdlichcn Nordamerika im Jahre 
1748 - 1749. GOttinger Samm/ung neuer und merku'urdiger Reisen zu Wasser 
u nd zu Lande. 3 vol. Gottingen 1754. Vol. 2, pp. 418, 556; vol. 3, pp. 293, 
305, 523. 

Johann David Schopf, Reise durch einige der mittlervn und sudliehen 
Staatvn von Nordamerika in den Jahren 1783 1784. 2 vol. Erlangen 1787. 
Vol. 2, pp. 220, 223, 273. 

F. A. Michaux, Histoire den arbres forestiers de F Amdriqite septentrio- 
nale. Paris 1810. 

a ) Saladini Asculani Compendium aromatariorum. Venetii 1488. Index. 

s ) Expositio Janis de Santo Amando supra antidotarii Nicolai incipit 
fdiciter. “ Oleum de terebinthina fit similiter per sublimationem, et est 
darum ut aqua fontis . . . et ardet ut ignis grxeus cum o/eo bencdicto etc." 
Turpentine oil is mentioned fol. 228b of the edition of 1589 already referred 
to on p. 25, footnote 2. 

4 ) Gualtherius Ryff, New groB Dcstil/irbuch wohl gegrundeter kunst- 
licber Destination. Francofurti 1556, fol. 180. 

*) Ein kOstlicher theurer Schatz Euonymi Philiatri darinnen ent - 
ha/ten sind vil heymlicber guter stuck der artzney. Editio 1555. Vol. 1, 
p. 238. 

*) Gio. Batt. Porta: Magix natural is libri viginti . Editio 1589. 

: ) Dispensatorium Noricum. 1546. 

s ) Pharmacopcea pro Repub/ica Augustana. 1564. 
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terebinthince has maintained itself as a popular term up to this 
time. As huile xtheree it seems to have been first designated 
in the year 1700. 

The early observations made in connection with oil of 
turpentine concerned its behavior at low temperatures. As early 
as 1794 Margueron 1 ) claims to have observed that the oil, when 
reduced to a temperature of —22 R. solidifies to a crystalline 
mass. Crystals had already been observed by Cl. )os. Geoffroy 
in 1727 in the neck of the retort while distilling the oil. In con- 
formity with the practice of designating as camphor all solid 
substances separating from volatile oils, these needle-like crystals, 
presumably pinol hydrate, were called turpentine camphor. 

While making the socallcd Liquor aniarthritieus Pottii , in the 
preparation of which hydrogen chloride is passed into turpentine 
oil, the apothecary Kindt '-) of Eutin, in 1803 obtained a solid crystal- 
line mass 3 ) which he considered to be artificially prepared camphor. 
This compound was examined by Cichlen *) and by Dumas. 3 ) The 
first elementary analysis of the oil was made by Houton-Labil- 
liardicre ") in 1817. In the same year this oil served as the first 
volatile oil of which the angle of rotation was ascertained. 

AMERICAN TURPENTINE OIL. 

The enormous turpentine industry of the United States had 
its origin in the large pine forests of North and South Carolina, 
Georgia, and Alabama. Up to the middle of the last century 
the products of this industry were tar and pitch which were 
used principally in ship building and as naval supplies and hence 
were termed “naval stores”. T ) The distillation of turpentine oil 

*) |ourn. do Chim. et de Phys. 2 (1794), 178. - Crell’s Chem. Annalen 
171IB. II. 105, 310 and 430. 

■) Trommsdorff’s journ. der Pharm. 11, II. (1803), 132. 

'') Pinonemonochlorhydrate C )0 HnCI. 

4 ) Gehlen’s Allgem. |ourn. fur die Chemie (I (1819), 462 -469. 

r ') Annal. de Chim. et Phys. II. 52 (1833), 400. — Liebig’s Annalen 9 
(1834), 56. 

") journ. dc Pharm. 11. 4 (1818), 5. 

; ) The oldest mention concerning tar and pitch, and the preparation of 
turpentine in Virginia is to be found in vol. 1 of the “Calendar of State 
Papers. Colonial Series" for the year 1574 to 1660 in the Public Record 
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seems to have begun as late as the middle of the eighteenth 
century in North Carolina and Virginia. Professor Kalm, the 
Swedish traveler, who is known as a careful observer, and who 
explored the Atlantic provinces of the then British colonies from 
Quebec to Virginia during the years 1749 and 1750, reports 
concerning the preparation of tar and pitch only.*) Later travelers 
and reports first make mention of the preparation of turpentine, 
turpentine oil and colophony in Carolina. Among these are 
Dr. Johann David Schoepf, who traversed the Atlantic States 
from Canada to Florida-) in 1783 and 1784; also Francis Andrd 
Michaux, who about twenty years after the longer stay of his 
father, the well known botanist Andrd Michaux, traveled in North 
America at the beginning of the nineteenth ccntury. a ) 

Up to the year 1820 the consumption of turpentine, turpen- 
tine oil and colophony was restricted to the limited demands of 
the home industries. The exportation of oil and rosin to Eng- 
land was unimportant. Up to 1830 the manufacture of turpentine 
was restricted to the coast: between the Tar river in the north, 
and Cape Fair river in the south; while the ports New Bern, 
Wilmington and Washington in North Carolina served as collective 
points. The distillation of turpentine was conducted in cast 
iron stills. , 

At the beginning of the thirties the application of turpentine 
in the industries experienced considerable extension. This was 
caused primarily by the increased use of paints accompanying 
the increase in wealth; by the development of the varnish, 

Office in London. Of the year 1610 this volume contains "Instructions for 
suche thinges as are to be sente from Virginia,” also a printed pamphlet: 
"The Booke of the Commodities of Virginia." Both mention pitch, tar, rosin 
and turpentine among the products of Virginia. The former also contains brief 
directions for the method of preparation of turpentine which is still in vogue. 
(Dan. Hanbury, in Proceed. Americ. pharm. Ass. ltt [1871], 491.) 

') Raise nach dem nOrd/ichen liordamerika im Jahre 1748 bis 1750 von 
Prof. Peter Kalm in GOttingscbe Samrn/ung nctier und merkwurdiger Reiscn 
zu IVasser und zu Lande. GSttingen 1754—1764. Vol. 2, pp. 418, 474; vol. 3, 
pp. 305, 523. 

*) Raise durcb einige der mittleren und sudiicban Vereinigten Nord- 
amerikanischen Staaten in den Jahren 1783 und 1784 von Dr, |ohann David 
Schopf. Erlangen 1788. Vol. 2, pp. 141, 247 252. 

■’) Wstuire dcs arbres fores tiers de I'Amtrique septentrionale, par 
F. Andre Michaux. Paris 1810. Vol. 1, p. 73. 
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lacquer and caoutchouc industries; and, finally, by the use of 
a mixture of turpentine oil and alcohol as an illuminating agent, 
which had been introduced since 1839 as camphine and under 
other fanciful names. Up to the introduction of petroleum pro- 
ducts (kerosene) about 1860, this was the cheapest illuminating 
material. The improvements, made in the course of the thirties, 
by Comstock, Hancock, Macintosh, Chaffee and especially by 
Luedcrsdorff in the processes employed in the caoutchouc in- 
dustry did much to bring about a larger consumption of tur- 
pentine oil. 

This increase in the consumption brought about an increase 
in the turpentine industry in 1834, and caused the introduction 
of better distilling apparatus such as copper stills which insured 
not only a larger yield of turpentine oil but also a better quality 
of resin. 1 ) The exportation of American turpentine oil and colo- 
phony to England and other countries asumed large pro- 
portions only after the removal of the import duty in England 
in 1846. It was interrupted, however, during the years 1861 to 
1865 of the civil war, the period of industrial and commercial 
stagnation. 

Up to the year 1837, the opinion prevailed in Carolina that 
the pine forests farther to the south were not adapted to the 
production of turpentine on account of differences in climate and 
soil. In the year mentioned, experiments conducted on a large 
scale showed this opinion to be erroneous. As a result of the 
great demand and of increasing speculation, the industry spread 
rapidly to South Carolina and Georgia, and later to Alabama 
and Mississippi.*’) With the introduction of the more readily 
transportable copper stills, the distillation was more and more 
conducted at the place of production, so that the turpentine 
farms began to supply the finished though crude products of 
distillation, oil and rosin, in place of turpentine, to the ports 
along the coast. With the increased consumption of turpentine 
oil a corresponding overproduction of rosin resulted. This could 

‘) The forests, forest lands and forest products of Eastern North Carolina. 
By W. W. Ashe. Raleigh N. C. 1894. 

*) Carl Mohr, The timber pines of the Southern United States. Wash- 
ington 1897. p. h9. -- Die Gewinnung und Verarbeitung des Terperttins im 
Suden dvr Ver. Staaten. Ptiarm. Rundschau (New York) 2 (1884), 187. 
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not be disposed of and consequently suffered a corresponding 
depreciation in value. 

This disparity was equalized toward the end of the sixties. 
The opening up of new territories of production brought about 
an overproduction in turpentine oil as well, which was felt all 
the more because petroleum products took its place as an illumina- 
ting agent and also superseded it in various branches of the 
arts and industries. On the other hand, colophony found new 
and large application. 

The turpentine industry in the Southern states thus deve- 
loped more and more. With the establishment of cheap means 
of transportation by rail and by water, all the conditions were 
given for a prosperous growth to the enormous dimensions on 
which this industry is being conducted at present. 


FRENCH TURPENTINE OIL 

The production of turpentine in southwestern Prance, from 
Pimis pinaster, Solandcr, must have been in progress at a very 
early period. 1 ) At least this is the inference drawn from petrified 
trunks of trees, found along the coast, which reveal the wounds 
characteristic of the resin production. Later on, historic docu- 
ments of 1382 and 1383 reveal that Richard II. of England gave 
permission to the Captal de Buch Archambault de Grailly to 
conduct resin markets within his territory. Probably the mari- 
time pine was first planted as a protection to the dunes. After 
numerous failures, this plan proved a success only toward the 
end of the 18. century. The experiment to sow the seeds in the 
sand successfully tried by the engineer Brdmontier is followed up 
to the present time by the government. 

The method, still in use, to collect the resinous exudation 
in earthenware pots is attributed to Serres (1836) and Hugucs 

(1840). . . c 

The distillation of turpentine oil is being conducted in France 

since 1783.*-) 

') 0. A. Ocstcrlc, Die Hanindustrie im Sudwesten von Fmnkrtich. 
Berichte d. deutsch. pharm. Ges. 11 (1901), 217. 

*) Corps gras industries 84 (1908), 179. 
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TURPENTINE OIL FROM VENETIAN (LARCH) TURPENTINE 

Larch turpentine was known to the Romans. It is mention© 
in the writings of Vitruvius/) a contemporary of Caesar, als< 
in those of Dioscoridcs, 2 ) Pliny,*) and Galen. During the middl 
ages, larch turpentine was one of the most highly prized balsams 
The name Venetian turpentine was applied to it during the fifteentl 
century, 4 ) because it was brought into the market from Venice 
at that time the center of the drug commerce. 

The first mention of larch oil (Oleum laricis) in media 
treatises is found in the works of Matthiolus*) and Conrad Gesner.® 


TURPENTINE OIL FROM CANADA BALSAM. 

Canada balsam, which was probably long known to thi 
American Indians and employed by them, is first mentioned ii 
European reports of travel by Marc Lescarbot 7 ) who travel© 
in Canada during the years 1606 and 1607. He declares thi 
balsam equal in value to the Venetian. In the European markcl 
however, it is not found before the eighteenth century (FIiickiger). h 


OIL OF CYPRESS. 

Oil of cypress was known as early as 1672 (comp. p. 62). Ii 
1892 it was recommended as a remedy against whooping cough b; 
|. M. Bravo”) and since 1894 it has been distilled by Schimmet 8| Cc 
on a commercial scale. 111 ) The experiences of Professor Dr. Solt 
mann in connection with a large number of patients of the chil 

*) Marcus V. P. Vitruvius, Ik architectura. Vol. 2, p. 9. 

*) Dioscorides, Dc materia medica lihri quinque. Editio Kuhn-Sprengt 
1829, vol. 1, p. c 5. 

8 ) Plinius, Naturafis historic hbri 39. Littre's edition. Cap. XVI, bit 

*) Fluckiger, Pharmakognosie. 3 rd edition, p. 80. 

') Petri Andre® Matthioli Opera qua? extant omnia, edit. 1598, vol. I, p. 10^ 

*) Euonymi Philiatri tin kOst/icher Schatz. Zurich 1555. p.289. 

") M. Lescarbot, Histoire de fa NouveUe-trance. 1612. Edit. Ed. Tross 
Paris 1866. pp. 805, 81 1, 820. 

"> Fluckiger, Dokumente zur Geschichte der Pharmazie, p. 92. 

“) Deutsche Medizinal-Zeitung 18 (1892), 45. No. 4. 

,H ) Report of Schimmel $ Co. October 1*94, 68 and April 1895, 29. 



dren's hospital in Leipzig substantiate the claims made for a 
remarkable efficiency of the oil in the treatment of whooping 
cough. 1 ) 

OIL OF JUMIPER BERRIES. 

As Oleum de granis Juniperi, oil of juniper berries was 
kept in stock in the Rathsapothekc of Braunschweig in 1521*.) 
Its preparation is described by Valerius Cordtis") in 1546. 

The oil yield from the juniper berries waS determined by 
Cartheuser 4 ) and Spielmann.') 

The oil distilled from juniper wood is mentioned repeatedly 
in the treatises on distillation. In the pharmacopoeias and price 
ordinances of the 16. century it is mentioned together with the 
oil distilled from the fruit.") 

The juniper tar oil or cade oil, Oleum Cadinum , obtained 
by the process of destructive distillation is but rarely distilled 
from the wood of /uniperus communis, but mostly from /. Oxy - 
ccdrus. It was known to the Romans. 7 ) Its method of prepara- 
tion is described by Mcsuc the younger") who died in 1015. 

') O.Soltmann, Keucbbusten und Cypressendl. Therapic der Gcgenwart. 
March 1 904. 

') ttiickiger, PbarmaKognosie, 3 rtl ed., p. 898. 

•’) Valerii Cordi Dispensaturium Noricum , p. 404. 

') f undamenta mateiis mediae 17118. Vol. 2, p. 346. 

') Ibidem. Vol. 2, p. 272. 

,l ) Saladini Compendium arumatarinrum. 1488. Index. --H.Gualther.Ryff, 
New gross Destd/irbucb wold gegrundeter kiinstlieher Destination, Francof. 
1556, fol. 181. — Val. Cordi Dispensaturium Noricum. 1546. - l:in kiistficher 
Schatz Euonyrni Philiatri. Editio 1555, pp. 228, 232, 30b. — Van Helmont, Ortus 
medians vel opera et opuscula omnia. Editio Lugdunensis 1648. De febribus. 
Cap. IV, p. 33. Schnellenberg, Artzneybucb. Konigsberg 1556. p. 35. — 
listimatio nmteris medics in usum publicum civitatum Marchis Branderr 
burgensis. Autore Mattha;o Flacco. Berolini 1574. Frankfurter Taxe. 1582. 

) Dioscorides, De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p. 102. - Plinii Naturalis bistoris libri. Cap. XXIV, 36. Editio 
Littr6 1877. Vol. 1, p. 142. ■ Scribonius Largus, Compositiones medica- 

mentorum. Editio Helmreich 1887, pp. 47, 55, 56. ■ Joannes Actuarius, De 
medicamentorum compositiune, J. Ruellio interprete. Basil ue 1540, fol. 30, 
— Matthajus Platcarius in Circa instans, in Choulant’s Handbuch der BBcher- 
kunde fur die altere Medizin zur Kenntnis der griechisc/ten, lateinischen 
und arabischen Scbriften. 2 nd ed. Leipzig 1841. p, 299. 

*) Mesue, Antidotarium sen Grabbadin medicamentorum libri XII. 
Caput 12. De o/eis. Comp. p. 24. 


7 * 
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OIL OF SAVIN. 

Savin was used medicinally and in veterinary practice by the 
Romans. 1 ) It seems probable that the name Sabina has been deri- 
ved from the mountainous country of the Sabines lying to the north- 
east of Rome. Dioscoridcs-) and Pliny 3 ) mention the plant among 
those being used medicinally. Charlemagne in the ninth century 
mentioned it in his Capitulate and thus caused its cultivation in the 
northern Alps. 4 ) The abbess hildegard of Bingen mentions savin as 
a remedy in her writings; '*) it is also one of the 77 remedies praised 
by Otto of Meudon (Maccr Floridus).") In England the tree seems 
to have been cultivated and used before the Norman conquest. 7 ) 

During the period in which distilled waters were in general 
use, Aqua sabin.v was also officinal and is enumerated in the 
treatises on distillation mentioned on pp. 39 e/ seq. 

The distilled oil is first mentioned in the price ordinance 
ol Frankfurt-on-the-Main for 1387 and was described by |oh. 
Bcgnimis at the close of the seventeenth ccntury. h ) Concerning 
the yield of the oil Friedrich Hoffmann seems to have made the 
first expei iments about 17I3. 1 ’) G. W. Wcdcl examined the oil 
in 1707 according to the methods in vogue at his time. 1 ") The 
first chemical examination was made by Dumas in 1835. 11 ) 

') Marcus Poicms Cato, foe iv mstua, p. 70. — Editio Nisard, p. 25, 
Movers OV.si Ini life dvr liotamk Vol. I, p. 344. 

") IVdunii Diostoridis Ana/arbei foe Natena medic a hbri quinque. 
Edit io Kiihn-Sprengd I82d, vol. I, p. 104. 

:1 > Plimi Nat in at is his tori, v Irbu. Cap. .XVII, 21 and cap. XXIV, t>1. 
Editio Littre 1877, vol. 1, p. 623 and vol. 2, p. I4d. 

') Capitulate dv ullis cl corns impcriahbiis. 

'I Mildejjardis Abhatissx Subtilitatnm diversarum natmarum creatu- 
raitirn libn nowm. Editio Migne 1885, p. 1145. 

'*) Macer I loridus, foe \ iuhiis hvrbaium una cum Walafridi Stiabonis, 
Ottonis Cremonensis et joannis Folc/ canniinbus sinu/is argument/. Ncapoli 
1487. - Editio Choulant, l.ipsix 1852. 

•) Cockayne, l.eechdoms, wortcunning and Starcratt of early England. 
!8o5. Vol. 2, p. 12. 

") lohannis Begnini T) roce\ mum c hymicum, in )oh. Hartmannii Opera 
omnia medico-chymica congest a atque pluribus aucta a Conrado Jobrenio. 
I rancofurti ad Mecnum 1690. Vol. 3, p. 27. 

") I r. Hoffmann i \ Opera omnia ■ pbysico-medica. Liber 65. Obsenatio I. 
foe o/eis destiflatis inque eorum distillations observanda. 

10 ) G. W. Wedel, Dissert atio de Sabina. )enae 1707. 

*‘) Liebig’s Annalen 15 (1835), 159. 
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LEBANON CEDAR OIL. 

According to Herodotus and Diodor the Egyptians used 
cedar oil in the embalming of the dead. Pliny also mentions 
an oleum ccdrinum and its use in the preservation of dead 
bodies. 1 ) The method of preparation of this oil according to 
Herodotus, Dioscorides and Pliny will be found at tfie beginning 
of the next chapter. Whether this oil is that of the Lebanon 
cedar (Cedrus I.ibani , Barr.) can only be surmised, but not 
established with any degree of certainty. 

On account ol the durability of its wood, this tree is frequently 
mentioned in the old testament.-) 

ANDROPOGON (CYMBOPOGON) OILS. 

The aromatic grasses which at the present time yield a 
number of valuable volatile oils, such as palmarosa oil, ginger- 
grass oil, citronclla oil, lemongrass oil and vetiver oil, have been 
used on account of their fragrance during antiquity: for the 
aromatization of wine; also of earthenware wine cups, the so- 
called Rhodian cups;*) in the preparation of fragrant ointments ») 
and oils; as incense in religious rites; and as couches during 
festivities. In Sanskrit writings, in the Old Testament, ') and in 
other documents of antiquity, these grasses are referred to under 

') Herodotus II. 85. Diodor, lib I, 91. According to R. Sigisnnmd, 
Die Aiumata. Leipzig 1884. p. . r >. 

*) In the books of the Old lestament coniferous woods are frequently 
iclerred to. The names used in the translations presumably do not always 
indicate the proper source of these words. Wherever the words cedar and 
pine are used, Lebanon cedar probably is meant. Such rclcrcnces are: 
Leviticus, 14:4. — I. Kings, 4:33; 5:b, 8 and 10; b:9, 15, 18, 20 and 2b; 7 :2, 
3, 7, 12 and 14, 10:27. 2. Chronicles, 2:8; 3:5 and 9. Isaiah, 14:8; 

37 : 24. b0 and bl. Hesckiah, 27:2. - 2. Samuel, h:5. Zechariah, 11:1 
and 2. Revelations, 18:12. 

’) Athena 1 !' Naucratita Detpnosophistaium. Lib. XV, p. 472. Plinii 
Naturah s historic libri. Lib. V, pp, b4, 65 and lib, XIV, p. 15. Horatii 
Carmnia. XII, lb 17: 

"Nardn vinu me where 

Nardi parvus onyx chaet cad urn " 

') Dioscorides, be materia medica libri quinque. Lib. I, p. 52. - Plinii 
Naturaiis historic libri. Lib. Xllf, p. 2. 

*) Hxodus, 30:34. Song of Solomon, 4: 13 and 14. 
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various names. The names used in the translations of the Bible 
and other ancient writings for spices and annointing oils 1 ) such 
as narde , stakte , schonos, etc., apparently have also been 
used synonomously for the fragrant andropogon grasses and 
their roots. Of these, it may be supposed that Andropogon 
laniger, Desf. was the best known and most used during anti- 
quity, inasmuch as it was more widely distributed throughout 
northern India, Thibet, Persia and Arabia as far as Egypt, Nubia 
and Ethiopia than the other species. Originally, 2 * * * ) however, and 
again in more modern times, the term narde was applied only 
to the aromatic root of the valerianaceous Nardostachys jata- 
mansi, D. C., indigenous to the Himalayas of northern India, 
perhaps also to Valeriana celtica, L. indigenous to the Euro- 
pean Alps. 

The Greek and Roman writers possibly referred to the 
same aromatic andropogon species when they used the words 
havoc. or uynirnc, also /uncus.') In the Occident they appar- 
ently have never been cultivated nor introduced in the dried 
condition. 

The first mention of andropogon grasses 1 ) by European 
travelers is to be found in the works of Garcia da Orta, 6 ) van 
Rhecde tot Draakcnstcin,' 1 ) — who was governor of the Dutch 
East-lndia company on the Malabar coast about the middle of 
the seventeenth century, - and of G. E. Rumpf 7 ) (Rumphius, 
also Plinius indicus), Dutch governor in Amboyna during the 
second half of the seventeenth century. The first sample of a 
distilled andropogon oil, a lemon-grass oil, is said to have been 

l ) Wilhelm Nowack, Lehrbuch dvr hehraischen ArchSologiv. Freiburg 
1894. Vol. I, p. 133. 

*) Dioscoridcs, J)e materia medica libri quinquv. Lib. 1, 6 and 77. 

a ) Dioscoridcs, l)e materia medica libri quinque. Lib. I, pp. 2, 16, 17. 
Editio Kiihn-Sprengel 1829. Vol. 1, p. 30, Plinii Naturalis historic libri. 
Lib. XII, pp. 26, 59, 62 and lib. Xlll, p. 2. 

') A detailed account of the individual grasses is given by Otto Stapf. 
The Oil-Grasses of India and Ceylon. Bulletin of Miscellaneous Information 
Royal Botanic Gardens, Ke*. 1906. No. 8, p.297. 

') Garcias ah Horto, Colfoquios dos simples e drogas he cousas medicinais 
da htia, e nssi dalguas frutas achadas nella andc se tratam. 1563. 

*’) Van Rheede, ffnrtus indicus malabaricus. Amstelodami 1678 1 703. 

; ) Rumphius, Herbarium amboinense. Amstelodami 1741—1755. 
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brought to Europe from the Moluccas in 1717.‘) However, the 
distillation of these oils on a large scale and their introduction 
into the commerce of the world and into industry apparently 
first began in 1820. In this year the botanist William Roxburgh, 
who was Director of the Botanical Garden at Calcutta for a 
long time, mentions lemon-grass oil as coming from the Moluccas.*) 
In 1832 the first large assignment was received in London. 
Since then, it, as well as the palmarosa oil and somewhat later 
citronella oil, have been finding increased application in perfumery 
and especially in the soap industry. As a result of the ever 
increasing demand, the cultivation of these aromatic grasses, 
has increased considerably especially that of the citronella grasses 
in Ceylon, and during the last decade of the 19. century also 
in |ava, so that these oils arc now exported in large quantities. 


CALAMUS OIL. 

Both as spice and as medicament, calamus root is mentioned 
in the writings of antiquity. Thus it is mentioned in the Ayur- 
Vedas?) in the Old Testament 4 ) and in other of the earliest 
written documents. In the scientific treatises of the Greeks and 
Romans' 4 ) it is likewise recorded. During the middle ages a 
distinction between Asiatic and European calamus was main- 
tained. Still later a distinction was made between the commercial 
varieties from the several countries from which it was obtained. 
As one of the spices introduced into Portugal from India, 

’) Ephemerides nature curiosorum. 5—6 cent. London (1717). Appen- 
dix p. 157. Medical and Physical Transactions. London. Vol. 1 (1825), 
p. 367 und Vol. 3 (1827), p. 231. 

-) Roxburgh, Flora indica, edited by Carey and Wallich, 1820-1824. 
Calcutta. Vol. I, p. 280. 

*) Page 16, footnote 1. ~ Royle, Essay on the antiquity of Hindoo 
Medicine. London 1837. p. 28 and 34. 

4 ) Exodus, 30:23. - Isaiah, 43:24. - Hesekiah, 27:19. - Song of 
Solomon, 4:14. 

v ) Agatharchides, De mari Erythmo, p. 97. — Theophrastl historia 
plantarum Lib. 9. 7. Dioscorides, De materia medica . Lib. 1. 17 and 52. 
Editio Kuhn-Sprengel, p. II. Plinii Naturaiis historic libri. Lib. XII. 12, 
48. Lib. XXV. 100. Plutarchi Morafia. /sis et Osiris. ~ Strabonis, Geo* 
graphia XV/. 4. 
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Odoardo Barbosa 1 ) mentions calamus in 1511. Matthias Lobclius 
of Flanders,-) in the second half of the 16. century, claims that 
the calamus imported into Antwerp via Venice is better than 
that imported from Sicbenbuergen and Russia. Rhccde supplied 
the first good illustration of the plant. 11 ) 

Calamus is reported to have been cultivated in the thirteenth 
century in Poland; 1 ) in Germany first during the sixteenth cen- 
tury;'') whence it became more widely distributed.' 1 ) Calamus 
is also indigenous to North America, being found from Nova 
Scotia south to Florida and westward to Minnesota, Iowa and 
Kansas. Of botanists Scliopf first obsciverd it in 1783 in Penn- 
sylvania and New Jersey. 7 ) 

The distilled oil of calamus is first mentioned in the price 
ordinance of Frankfurt of 1582 and in the Dispcnsatorium Nori- 
cum of 1589. The yield of oil obtainable upon distillation of 
the rhizome was determined at the beginning of the eighteenth 
century by Fr. Hoffmann") and Caspar Neumann;”) and about 
the middle of the eighteenth century by |oh. Fr. Cartheuscr. 10 ) 
The first investigations of the oil appear to have been made by 

') Ramusio, Delia navigation! vt vi.tggt. Venetia 1554. fol. 415 417. 

Nuckiger, Dokurnentv /nr (ivsducfite da Pharmazie. 187b. p. 15. 

’) Malhi.T dc I obcl et Petri Pena IS ova stirpmm adversaria. London 
157b. p. 29. 

•’) / tortus indrens nialnbancns. Aimtelodaino. 1678 1705. Vol. XI. 
(1692), Tab. 48 and 49. 

') Rostafinski, / lone Polonnv Pmdromns 1873. p. 12. Clusius, ffarionnn 
plantarum histona. Antwerpia.* IbOI. fol. 230 and 232. 

') Hock, Tcutsche Speiskanima. Strassburg 1550. p. 104. — Matthioli 
Commentarii in Dioscondvm. 1544. Editio 1565, p. 20. Joach. Camerarius, 
llortus mvdicus vt philoMtphiais. Lrancofurti 1588. p. 5. 

") The assumption that calamus was spread since 1574 from Vienna 
through botanical gardens as a result of the efforts of Charles de PEscluse 
(Clusius) who lived in Vienna from 1573—1588 (Luerrsen, Handbuch der 
systcmatiscbvn fiotan/k, vol. 2, p. 320) can scarcely be accepted as a full 
explanation of its wide distribution. (Engler und Prantl, ISaturliche Pf/anzen- 
famifien. T. II. Abt. III. p. 118.) 

: ) Scliopf, Materia rnedica americana . Erlangx 1787. 

“I Fr. Hoffinannii Opera omnia pliysico-inedica. 1740. Liber 65. Ob- 
servatio 1 . : Ue oleis destillatis atque eomm destillatione ohservanda. p. 8. 

”) Casp. Meumann, Chymia medica dogmatico-expcrimentafis. Editio 
Kessel, 1749. Vol. 2. p. 272. 

,vl ) See p. 71, footnote 2. 
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Joh. Ad. Wedel 1 ) in 1718 and by Job. Barth. Trommsdorff in 1808.’ *) 
Later examinations arc by Martius 3 ) in 1832, Schnedermann 4 ) 
in 1842, ]. H. Gladstone*) in 1863, and A. Kurbatow") in 1873. 

SAFFRON OIL 

In the literature of antiquity saffron is frequently mentioned 
among the spices, also as medicament and dyestuff, During 
the Arabian period it was cultivated, especially in Persia ") and 
Spain/) Its introduction into western Europe as far as England 
was no doubt assisted by the crusades. '") In the commerce with 
the Levantc, saffron was one of the most costly spices and 
played an important role. As an object subjected to heavy 
duties, it frequently became the subject of rigid legislation, 11 ) also 

') Joh. Adolf Wedel, Ik Calamo momatiui. Dissertatio. Jcn.i' 1718. 

') Trommsdorff s Journal der Pharmazie I s , II. (ISCW), 122. 

') Liebig’s Annalen 4 (1832), 204 and 200. 

‘) I hide ni 41 (1842), 374. 

’) Journ. chein. Soc. 17 (1804), I., Rel. Jahrcsbei. d. Client. Ntt, 340 
and 347. 

") Liebig’s Annalen 178 (1874), 4. 

•) Song of Solomon, 4: 14. Homeri llias, 14, 348 Dioscorides, Ik 
Materia medial hhn quinque. Ldilio Kiihn-Sprengel. Vol. I, R — Plinii 
Natural is historne lihri. Lib. XXI, 17 and 18. - Virgihi (ieotgita I ib. IV, 109. 
Alex. Tralliani medici hhn duodecim, gr.eie et Udine. Basilia* 1 3.30. German 
edition by Th. Puschmann. Vienna 1878. Matthams Plat ear ms, Citai m- 
stuns in Choulant’s Handhuch der liiichvrkundv fill die alteie Medum / ur 
h'enntms der griechischen , latemischen and arahisehvn Sc hi if ten. 2 nd ed. 
Leipzig 1841. p. 299. — Hehn, KnltnipfUin/en and ILuisliere in ihtein Cher- 
gauge mis Mien naeh (irivchenland und Itahcn. 3 rd cd. 1877. pp. 223 231. 
I.iher pnntificalis F.ditio Duchesne. Paris 1880. Vol. 1, p. 177. 

') Istachri, Much der Landei German translation by Mordtmann. pp. 87, 
93, 124 and 126. Edrisi, (7 eugraphie, traduite par Amldce Jaubcrt. 1836. 
pp. 108 and 192. — Meyer, Oesehichte dvr iiotanik. Vol. 3, pp. 282, 284, 299. - 
Brelschneider, Chinese Botanical Works. Foochow 1870. p. 15. Ibn Baitar, 
Traik des Simples. Edit. Lcclerc. 1881. Vol. 2, p. 209. 

’’) Le Cafendrier de Cnrdoue de Fannie %t. Leyde 1873. pp. 33, 109. 

Iu ) Conrad et Waldmann, Trade du Sal ran dtt QaUnitis. Paris 1846. p. 20. 
Morant, history and Antiquities of Essex. 1768. Vol. 2, p. 545. - Revue 
pharmaccutique. 1858. p. 58. — Douglass, Philosophical Transactions. Novem- 
ber 1728. p. 566. 

H ) Simonsfeld, Uer fondaen dei Tedeschi in Vcnedig und die dentsch- 
venetianischen Handelsheziehungen. Stuttgart 1887. p. 35. Mone, Zeit- 
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because it was excessively adulterated with the florets of Car - 
thamus tinctorius and parts of other plants. So important did 
the commerce in saffron become during the middle ages that 
the traders in spices of some of the larger German cities united 
under the name of Safranziinfte to special corporations. 1 ) 

Into the United States of Morth America, saffron appears 
to have been introdued by German immigrants during the first 
half of the 18. century. In 1748 Peter Kalm found saffron gardens 
near Philadelphia and in Mew Jersey, -) and in 1787 Joh. David 
Schoepf found them near Lancaster, Pa. 3 ) 

The distilled oil of saffron is first mentioned by Walter Ryff 4 ) 
and Conrad Gcsner, n ) and is enumerated in the municipal price 
ordinance of Murnberg of 1613. The older medical treatises do 
not mention it. The yield was apparently first determined in 1670. 8 ) 
Saffron and its constituents were further examined by Bouillon 
Lagrange and Vogel in 1810. 7 ) In 1821 Henry examined the 
coloring matter of saffron and arrived at the conclusion that the 
yield of oil was almost doubled if for every ounce of saffron 8 oz. 
of common salt and 4 oz. of potassa arc added to the water in 
the still. s ) 


schrift fur die Geschichte des Oberrheins 5 (1854), 28. — Warnkonig, Histoire 
de In tlandre. Vol. 4 (1851), p. 449. - Fluckiger, Schweiz. Wochenschr. 
f. Chem. u. Miami. 11) (1881), 109. — Falke, Ocschichte des deutschen Handels. 
1859. Vol. I, p. 267. Elben, Zur Lehre von der Warenfalschung. Disser- 
tatio. Tubingen 1881. p. 57. Fluckiger, Beitrage zurdlteren Qeschichte der 
Plutrnmie in Hem. 1862. p. 6. — Roth, Geschichte des Niirnbergischen 
Handels. 1802. Vol. 4, p. 221. — Beckmann, HeitrSgc zur Geschichte der 
Mind ungen. 1784. Vol. 2, pp. 88 and 91. — Peters, Aus pharmazeutischer 
Vorzeit. 1899. Vol. 2, pp. 225—229. 

*) Fluckiger, Dokumente zur Geschichte der Pharmazie. 1876. pp. 46 
and 66. 

*) Prof. Peter balm's Heise nach dem ndrd/ichen Nordamerika im 
jahre f748-f74<). Gottingen 1754. Vol. 3, p. 135. 

') Joh. David Schopf, Materia medica Americana putissimum regni 
vegetahi/is. Erlang® 1787. 

4 ) Gualtherus Ryff, Hew gross DestiHirbuch. 1556. fol. 188. 

’) Euonymus Philiatrus, tin kdst/icher Schatz. Zurich 1555. fol. 222. 

") Joh. Ferd. Hertodt, Crocologia. Dissertatio. Jen® 1671. 

T ) Annales de Chimie Ml (1811), 185. Trommsdorff's Journ, dei Pharm. 
21, I. (1812), 206. 

*) Trommsdorff’s Neues Journ. der Pharm. 6 (1822), 65. — Berliner Jahr* 
buch f. Pharm. 24, I. (1822), 160. 
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OIL OF ZEDOARY. 

During the 6. and 7. centuries, zedoary is mentioned by 
Aetius, Paulus Aegineta and other writers as coming from India 
where it had been in use for a long time. In western Europe 
it became known toward the beginning of the 8. century. 1 ) From 
that time on, zedoary is frequently referred to, under various 
names, 2 ) among the spices, 3 ) in the formulas of pharmacopoeias, 4 ) 
and by travellers. 

During the middle ages zedoary appears to have been intro- 
duced into commerce principally from the Malabar coast/) 

The distilled oil of zedoary is first mentioned in the price 
ordinance of Berlin of 1574,") in those of Worms and Frankfurt- 
on-the-Main of 1582, also in the Dispvnsatorium Noricum of 1589. 
Examinations as to yield and properties of the oil were later made 
by Neumann 7 ) (1785), Dchne K ) (1779) and E. F. Gcoffroy*) (1757). 


OIL OF GALANGAL. 

Galangal appears to have been used in China during anti- 
quity. It is mentioned in the Ayur-Vcdas of Susrutas, ,ft ) also 
by Plutarch.") The Arabian physicians used it for medicinal 

') Niccolo de Conti. In Kunstmann’s Ke nntnis Indiens im 15. Jahrhundert. 
Munich 1863. p. 48. - Odoardo Barbosa, belle navigation i et viaggi. Vcnetia 
1554. pp. 413 and 417. -- Meyer, Gcschichte der Botanik. Vol. 2, p. 421. 

*) Zituar. Zodear. Zitewar. Citowart. Citoal. Cytoal. Zerumbet. 

n ) Guerard, Polyptique de 1'abb6 Irminon II, Statute antiqua abhatix 
St. Petri Corbeinensis. Paris 1844. — W. Heyd, Geschichte dcs Levant e- 
futnde/s. 1879. Vol. 1, p. 104. 

') 1. Ci. Eckhart, Common tarii de rebus Fraud a? orientate et episcopatus 
Wircehurgensis. Wirceburgi 1729. Tom. II, p. 980. — F. A. Reuss, Walafridi 
Strabi Hortulus. Wirceburgi 1834. p. 73. 

*) Kunstmann's Kenntniss Indiens im 15. Jahrhundert. 1863. p. 48. - 
Huckiger, Dokumente zur Gcschichte der Pharmazie. 1876. p. 15. 

") Estimatio materia: mediae ... in gratiam et tmm publicum civi- 
tatum Marchiae Brandenburgensis. Autore Matthaeo Flacco. Berolini 1574. 

: ) ). F. A. Gottling’s Almanach fur Scheidekunstler 17K5 f 118, 

s ) Lorenz Crell's Chemisches Journal 8 (1779), 20. 

*) E. F. Geoffrey, Tractatus de materia medica. Paris 1757. Vol. 3, p.265. 

,0 ) See p. 16, footnote 1. 

ll ) Plutarchi Moral la. Isis et Osiris. The use of galangal for fumigating 
purposes by the ancient Egyptians is referred to. 
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purposes and thus, no doubt, assisted in its introduction into 
western Europe. Thus Rhazes, Avicenna, Alkindi 1 ) and other 
physicians who lived during the 9, and 10. centuries, mention 
galangal in their writings as an esteemed remedy. Its importation 
is reported in the 9. century by the Arabian geographer Ibn 
Kurdadbah, 8 ) and in the beginning of the 12. century by the 
Sicilian geographer Edrisi.' 1 ) In the Della decirna etc., a com- 
mercial treatise of the first half of the 14. century by the Florentine 
merchant Pcgolotti, galangal is described as occuring in two 
varieties, vi/., the light and the heavy. 1 ) Marco Polo reports 
on the cultivation of the plant in China and |ava. r ’) In 1563 
Garcia da Orta, a physician in Goa, describes two varieties of 
galangal, a smaller variety coming from China, and a larger one 
from Java.") The first good illustration was published by Rumpf 
in 1754. : ) 

In German literature the rhizome is found as early as the • 
8. century and is mentioned as a medicinal drug. Galangal also 
occms as one of the ingredients of a prescription found in a 
medical manuscript of the 8. century in the library of the Uni- 
versity of Wurzburg.") It is also mentioned in a formulary of 

') M.kcr Horidus, Ik- \ mbits lietharum. Maples 1487. F.ditio Choulant. 

1 8.1 jf. Cap. 70. Ibn Hailar, Traitc des Hi tuples, bditio l.edcrc. Vol.2, p.bl. 

■’) l.v hvtv des nuttes et des pnn tnces, pur Ibn Khordadbeh, tradmte 
pur li. do Meynard; vn foutnul usiutupiv, Ser. VI, Tom. •*> ( 1 8bf>), p. 294. 

') Gengtaplne d’f drisi, tradmte pur A. laubert. 183b. Tom. 1, p. 51. 

Irancc.sco Balducci Pcgolotti, La pint tea della meicatura scrittu. 

In Pagmm’s Delia deuma e de/fc nitre gtave/ze, della moneta etc. lisboa 
e Lucca. I7bb. pp. 2% and 375. 

‘I Pauthier, l.e liete de Marco f*o/o 18b5. pp. 322 and 5bl. 

“) Garcias ah Horto, Co/loquius dos simples e drogas he cousas medt - 
i mats da India. Goa 15b3. Colloquio 24. Whereas at the present time 
only the smaller root, the Kadtx galang.v rtttnorts obtained from Afpinia offi- 
cinarutn, Nance is in use and obtainable commercially the Hadix gaiangx 
ma/orts obtained from A! pitta Galanga, Willd. was formerly also current. 
The latter came from lava. See also Daniel Hanbury, Science papers. 
187b. p. 370. 

) G. t. Rumphius, lie t barium ambumense etc. Amstelodami 1741 1754. 

Vol. 5, Tab. M. 

') Witr/burger Universitatsbibliothek Martuscripies Mp. th. fol. 14b. - 
Printed in I . A. Rcuss, Walafridi Strabi Hortulus. Wirceburgi 1834. p. 37. 
1). G. ab Lckhart, Commentarii de rebus trancise orientalis et episcopatus 
Witceburgensis. Wirceburgi 1729. Vol. 2, p. 980, Gloss# Theotisoe. 
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the 9. century by Bishop Salomo 111 of Constance. 1 ) Its medicinal 
virtues arc praised by Matthieus Platearius, 2 ) a Salernitan scientist 
of the 12. century, and by Hildegard/) abbess of Bingen. 

Galangal found a place in the Dispcnsatorium Noricum, but 
its volatile oil appears to have been distilled later. It is first 
mentioned in the municipal price ordinance of Frankfurt-on-the- 
Main in 1587. 


OIL OF GINGER. 

Ginger appears to have been used as a spice by the Chinese 
and the Indians. It is mentioned repeatedly in Chinese medical 
treatises, in the Ayur-Vcdas of Susruta, also in Sanscrit literature 
and later in the Talmud. The Greeks and Romans 4 ) obtained 
ginger via the Red Sea and hence regarded Arabia as its geo- 
graphic source. In the 3. century, however, it was counted among 
the Indian products brought via the Red Sea and Alexandria/') 
Ginger was one of the favorite spices of the Romans/) Apparently 
it was introduced into Germany 7 ) and France s ) during the 9. century 
and into England") during the 10. century. A better understanding 

•| Dummlcr, / hrniuihuch des Bischuts Snlnmo von Lonstan/. In St. 
(utlhsihc lienkrthilet mis dvr Kuiolmgisdwn Zeit. Zurich 1859. p. 37. 

■') Circa installs. Liber de stmplicc median;!. In Choulant's Handbudi 
dci Btkherkunde hit die Mere Median. 2" d ed. I.eip7ig 1841. p. 229. 

) Hildegardis Abbatissa? Snhtilitatum dnersarum luturannn c rent ant- 
rum hbri hoy an. In Migne, Pa trolognv Cinsus conipletus. Tom. 197. Latvia 
P.insiuium. 1855. pp. 1 134 and 1158. 

') Dioscoridcs, He Mute tin medicn libn quinque. I ditio Kiihn-Sprengel. 
1829. Vol. 2, p. 300. 

■) Vincent, Commerce and Navigation of the Ancients in the Indian 
Ocean. 1807. Vol. 2, p. 895. Meyer, (iesclnchte der Botanik. Vol. 2, p. 167. 

*’1 Apicius Culms, lie re euqaiaatin libn decern, fditio Schuch. Heidel- 
berg 18o7. pp. 36, 45, 68, 98, 105, 138, 139, 142, 165. 

) Cless, Landes- und Kalturgesehidite von Wiirttcmberg. 1807. Vol. 2, 
p. 260. In the preface of a Codex oi the 8. century of the Wur/burg Library 
(Mp. th. f. 1461 it is mentioned together with cinnamon, costus, cloves, pepper 
and gentian. The title of this manuscript is |. G. ab Lckhardt, Commcntarii 
de rebus traneix orientslis et episcopntus Wircchargensis, (jlossx Theo- 
tisew. The preface referred to is printed in F, A. Reuss, Walafridt Strubi 
Hortulus. Wirceburgi 1834. p. 73. 

s ) W.Heydt, Lcvantehandel im Mittelalter. 1879. Vol. 1, p 103, footnoted 

1 Pharmacographia. p. 635. - Rogers, History of Agriculture and Prices 
in England. 1866. Vol. 1, p.629. 
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as to the geographical source of ginger was obtained by Marco 
Polo, Pcgolotti, Barbosa and Niccolo Conti on their voyages 
along the coast and among the islands of southwestern Asia. 1 ) 
As early as the 13. century ginger entered the market either 
fresh (zenzeri verdi), preserved with sugar (giengiaro confetto) 
or dried. For a long time Alexandria was the principal port 
for the purchase of this delicacy. 1 '). 

As a dutiable article of commerce, ginger is mentioned 
repeatedly: thus, in 1173 in Acre in Palestine, 3 ) in 1221 in 
Barcelona, 4 ) in 1228 in Marseilles, ' 1 ) and in 1296 in Paris. 3 ) In 
an old apocryphal German pharmacopoeia of the 12. century, 
ginger occurs in several formulas. 7 ) 

Into the West Indies and Mexico, the ginger plant was in- 
troduced by the Spaniards during the middle of the 16. century; 8 ) 
and as early as 1547 ginger was exported from Jamaica") to 
Spain, in 1585 from St. Domingo and in 1654 from Barbadoes. 10 )- 

The first mention of a distilled oil of ginger is found in a 
municipal spice ordinance of Copenhagen of the year 1672. The 
yield was determined in the course of the 18. century first by 

*) /. e Jivre de Marco Polo, public pdr Pauthier. 1865. Vol. 2, pp. 381, 
488. — Pegolotti, in Pagnini’s Della decima e de/le a/tre gravezze, della 
moncta c della mcicatura dc' Fiorentini lino a! secolu XVI. Lisboa e Lucca 
I7bb, p. 360. - Od. Barbosa. Editio Ramusio, Dclle navigation i et viaggi. 
Venctia' 1554. pp. 311 and 323. Niccolo Conti, India in the 15. century. 
Edition Major, London 1857. — Kunstinann, Kenntnis Indiens im 15. Jahr- 
hnndert. Munich 1863. 

3 ) Pcgolotti, Editio Pagnini. Delia dvc/ma etc. pp. 208 and 317. 

) Rvcueil des Historiens des Croisades. Lois 1843. Tom. 2, p. 176. 

‘) Capmany, Menmrias bistoricas sobrv la Marina Coinrnenio y Aries 
de la Ciudad de Barcelona. Madrid 1779. Vol. 2, p. 3. 

') Miry et Guindon, Historic des Actes de la Municipality dc Marseille. 
1841. Tom. 1, p. 372. 

rt ) Revue arc/i6o/ogique. Paris 1852. Tom. 9, p. 213. 

T ) Pfeiffer, Zwei deutsche Arzneibiicher aus dem 12. und 13. Jahr- 
bunderi, in Sitzungsberichte der Wiener Akademie d. Wissenschaften 42 (1863), 
124, 138, 159. - Haescr, Gescbicbte der Medicin. 1875. Vol. 1, p. 663. 

') Monardes, Historia medicinal de las cosas que se traen de nuestras 
Indias c tccidentales que sin en cn medicma. Sevilla 1574. p. 99. — Editio 
Clusius. Antverpia: 1593. p. 309. 

"1 Renny, History of Jamaica. London 1807. p. 154. 

Calendar of State Papers. Colonial series 1574 — 1660. London 
I860, p, 4. 
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Caspar Neumann, 1 ) and then by J. A. Gesner,*) E. F. Geoff roy*) 
and Friedrich Cartheuser. 4 ) 

The first illustration of Zingiber officinale, Roscoe was 
published by H. A. van Rheede in 1670.*) 


OIL OF CARDAMOM. 

Cardamom, i. e. the capsular fruit of several species of 
Elettaria and Ammonium, (N. 0. Ztngiberaceiv), indigenous in 
the islands of the East Indian archipelago, appears, to have been 
used during antiquity. In the Ayur-Vedas of Susrutas") they 
are mentioned as Efa, According to Plutarch : ) the Egyptians 
used cardamom together with other spices in religious incense. 

Later writers use as synonyms the terms Amomis, Amomum 
and Cardamomum.") Although a number of spices were imported 
during antiquity from southern India, it is highly probable that these 
designations were applied only to cardamom. Dioscorides, 9 ) Theo- 
phrastus, 10 ) Pliny, 11 ) Scribonius Largus and Alex. Trallianus, 1 *) 
mention cardamom as well as Amom, mostly together with pepper, 
doves and nutmeg. During the 3. and 4. centuries, when Roman 
luxury had reached its climax, cardamom was one of the favorite 

*) Chymia medial dogmutico * e \pcrimvntalis. Editio Kessel. 1749 
Vol. 2, p. 638. 

*) Joh. Alb. Gesneri Dissertatio de Zingihere. Altdorf 1723. p. 18. 

’) True tutus de materia medial. Paris 1757. Vol. 2, p. 265. 

') hivmvntu Chymi.t dogma tico- e xperimvntatis ana cam synopsi Materix 
mvdiccV selections. Halac 1736. Vol. 2, p. 62. 

') t tortus indium maDharicus. Amstelodami 1678- 1703. Vol. 2, p. 24 
Tab. 12. 

”) See p. 16, footnote 1. 

) Plutarchi Norahu. /sis ct Osins. 

") The usage of these synonyms continued up to the close of the 
18. century. Thus in Murray’s Apparatus Nedicamentorum (Gdttingen 1790) 
and in similar works the designation Amomum Cardamomum still occurs. 

'') Dioscorides, I)e materia medica tibri quinque. Editio Kuhn-Sprengel. 
Leipzig 1829. Vol. 1, p. 14. 

10 ) Theophrasti Eresii opera, qua? supersunt omnia. Historia plantarum. 
fcditio Wimmer. Parish's 1866. p. 147. 

“) Plinii Naturalis historic tibri. Lib. XII. 28, 29. - Editio Littr6. 
Pans 1877. Vol. 1, pp. 482, 483. 

,J ) Alexandri Tralliani medici tibri Xlt, Basilia 1556. Editio Puschmann. 
1878. Vol. 2, p. 354, 
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spices. 1 ) As products of farther India, the Arabian traveler 
Masudi-) in 912 mentions cardamom, cubcbs, nutmegs, cloves, 
camphor, sandelwood and linalocs. In the middle of the 12. cen- 
tury, the Sicilian geographer Edrisi 3 ) makes a distinction between 
Ceylon and Chinese cardamom. Like Barbosa *) and Pegolotti, 5 ) 
he also mentions that at that time the spices entered the Euro- 
pean market via Aden and Alexandria, also via Accon") during 
the existence of the Kingdom of |erusalcm. 

Even at that time, a distinction was made between wild and 
cultivated cardamom.') Garcia da Orta") distinguished between 
a larger but less aromatic cardamom from Ceylon and a smaller 
but more spicy variety. Finally, at the time of Valerius Cordus 
the Malabar Cardamomum minus was given preference over 
the larger kind.'*) 

The first good illustration of li/cttcria cardamomum was 
published by Henry van Khccde, 1 ") governor of the Dutch East 

') Apicms Culms, De ie ioqumatia lihri X. Cditio Schuch. Heidel- 
berg 1867. pp. 36, 4f>, 64, 48, 1(15, Id 1 ), 142, 165. - Hieronymi Opera omnia. 
I’.ditio Millie Datrologi.v utrsus c ompletus. Vol. 2, p. 247. 

•') Ali cl-Masudi, hames d’Or. Lditio Meynard et Courteille. Haris 
ISM 1877. Vol. 1. p. 441. 

) (ieogruplue d'Ldrisi, traduitc pat Aniedec Jaubert. 1836 1840. Vol. 1, 
pp. 51, 341. 

') l.ibro di Odoardo Barbosa. In Kamusio’s Ik die navigationi vt viaggi. 
Venctia 1554. fol. 413 417. Editio Hakluyt Society in London: Description 
of the Coasts ol Last Africa and Malabar. 185b. pp. 59, 64, 147, 154. 

) Francesco liaklucei Pcgolotti, La pratiut della me teat lira. In Pagnini's 
Della drama e de/I e attre grave/ /e, della monela e della merentura de' 
horentini him al seal In AT/, lisboa e Lucca 1765. p. 57. 

") Heugnot, Assies de /ernsalem. Paris. Vol. 2, p. 175. 

) Pcgolotti, Cardamom / sah atu hi, domestic /. I. c. (see footnote 5) 
p. 211 and 246. 

'> Garcias ab I iorto, Colloquios dos simples e drogas he aiusas medicinuis 
da India, e assai da/guas fiutas aehadas nella ande se tratam. 1 553. Edited 
by Carolus Clusius in 1557 with the title: Aromatum et Sunplicium aliquot 
medicamentorum apud Indus nascenhum liisturia. primum quidern Lusitanica 
lingua <W»;'/yau- conseripta, a D. Garcia ab Horto, Proregis India: Medico: beinde 
latino illustrata a Carolo Clusio Atrebate. Antverpia: p. 98. The original Portu- 
guese was reprinted in 1872 by F. A. vpn Varnhagen. See p. 51 of this edition. 

■*) Valerius Cordus, bispensatorium Noricum. Editio Paris, pp. 40, 76, 
77, 115, 157, 158. 

l0 ) Van Rheede, Hortus indicus malabaricus , cum nods et commentariis 
johanni Commelini. Amstelodami 1678 1 703. Vol, XI (1692), Tab. 4—5: Elettari. 
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India Company on the Maiabar coast, and by Georg Eberhard 
Rumpf, 1 ) who, born in Hanau, lived as merchant and botanist 
in Amboina. 

Cardamom oil was distilled as early as 1340 by Valerius 
Cordus.'-) The yield was determined by Caspar Neumann,*) 
C. Fh. Martius, 4 ) |oh. Friedr. Cartheuser and ). R. Spielmann.*) 


OIL OF PARADISE GRAINS. 

The Grains of Paradise were formerly used extensively as 
a spice. In the apothecary shops they were known as Cirana 
Paradisi, Semina Cardamomi majoris, and as Piper Melcgueta. 

Oil of paradise grains was distilled by Porta n ) at the be- 
ginning of the 17. century and used medicinally. 


OIL OF PEPPER. 

Pepper is one of the oldest known spices mentioned in 
Sanskrit and ancient Indian literature. In the 4. century B. C. 
it is mentioned by Theophrastus. ) Dioscoridcs,") and Pliny 14 ) 
already distinguished between black, white and long pepper and 
counted the first among the most important spices of their time. 
Toward the end of the I. century, we already find special ware- 
houses (horrem piperatarix ) for this precious ware. As ports 
of exports for pepper, places on the west Indian coast, between 


') Rumphius, herbarium Amboinense (hot Amhohmche Knud hock), 
Editio Johanni Burmanni. Amstelod. 1741-1755. Vot. 5. p. 152 also plate 65. 
Amomum Cardamomi, m. (This work had been completed by Georg Eber- 
hard Rumpf in 1690, but was not published until after his death viz. in 1741.) 
») Valer. Cordus, De artificiosis extractionibus. 1561. fol. 226. 

■*) Caspar Neumann, Chymia medica dogmatico-expcrimentalis. Editio 


Kessel. 1749. Vol. 1, p. 328. 

J ) J. C. S. Schweigger's Journal fur Chemie u. Physik 8 0811), oil. 

5 ) Jacob R. Spielmann, Cardamom i historia ot vindieix. Argentor. 1762. 
") porta, De destillatione . Roma: 1608. Lib. IV. Cap. 4. 

: ) Theophrasti Eresii opera quae supersunt omnia, IX. 20. — Editio 
Wimmer. Vol. 1, p. 162; vol. 2, p. 476. 

s ) Dioscorides, De materia medica libri quinqiie. Editio Kuhn-Sprengel. 


1829. Vol. 1 , p. 298. 

") Plinii Naturaik historic iibr,. 


Lib. XII, 14. - Editio Littre. Vol. 1, 


p. 478. 

Giunmeiotek, Tiu voi atiu - oils. 
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Mangalosc and Cochin, arc enumerated in the Pvrip/us of the 
Erythrcan sea, a commercial catalogue that was presumably 
written in A. D. 76, in Alexandria. 1 ) 

Into western Europe pepper was likewise introduced at an 
early date. The quantities in which it was imported, in spite 
of its high price at the beginning of the 5. century, become 
apparent from the statement that the west Roman Emperor, 
Honorius paid a tribute of 3000 lbs. pepper to Alaric, King of 
the Vcsigoths in 408, while the latter 1 was besieging Rome. 2 ) 
Pepper retained its high price late into the middle ages. Hence, 
it was used in place of the noble metals in the payment of 
tribute, taxes, rent, duty and ransom; as gifts and as objects 
of bequest.' 1 ) Among the presents made to the popes by the East 
and West Roman emperors, pepper is usually enumerated first 
among the costly spices. According to a privilege granted 716 by 
the Merovingian king, Chilpcrich II, the monastery at Corbie in 
southern France obtained among other objects pepper, cloves, cinna- 
mon and spike as annual revenue. 4 ) Boniface, the apostle of the 
Germans, repeatedly obtained from Roman prelates,'*) presents of 
aromatics for incense purposes, among which pepper is enumerated. 

In 1290 Marco Polo found pepper in abundance in the is- 
lands of the Malay Archipelago and on the Indian coast. It 
constituted an important article of commerce with China.") 

The increasing demand for pepper and the high price paid 
therefor constituted not the least of the motives for the search 
of an all water route to the East Indies. This was accomplished 

') Ubricius, Der Periplus des f:r\ thraischen Metres von cincm Un - 
bekannten. Greek and German, Leipzig 1883. p. 188. — Vincent, Commerce 
and Navigation of the Ancients in the Indian Ocean. London 1807. Vol. 2, 
pp. 458 and 754. 

-’) Zosimi Comitis vt cxadvocati fisci Historic novae lihri septem. 
Hasilia*. Lib. V, cap. 41. Cregorovius, (ieschichte der Stadt Rom im 
Mittdalter. Hodgkin, Italy and her Invaders. London 1880. p. 347. 

') With. Mcyd, (ieschichte des Levantehandds im Mitteia/ter. 1879. 
Vol. t, p. 99; vol. 2, pp. 458 and 754. 

4 ) Pardessus, Diplomats, chart, e etc. Paris 1849. Tom. 2, p. 309. — 
W. Hcyd, Oeschichte des Levantehandds im Mittdalter. 1879. Vol. 1, p. 99. 

f, 1 |affe, Bibliotheca rerum germaniatrum. Berlin 18bt>. Vol. 3, pp. 15t>, 
157, 199, 218 and 231. 

“) W. Hcyd, Oeschichte des Levantehandels im Mittdalter. 1879. 
Vol. I, p. 834. ’ 



by the Portugese under the leadership of Vasco da Gama in 
1498, The cultivation of the pepper plant having been spread 
over several islands of the Malay, archipelago, the production 
of pepper was greatly increased. This result^ in a larger ex- 
port with the consequent reduction in price and increased con- 
sumption. The discovery of an all water route naturally deviated 
the spice trade from Venice which then was a commercial republic 
at its prime. In 1504, Portugese vessels laden with pepper 
sailed up the Thames and embarked at London and in 1522 
they also entered the harbor of Antwerp. In spite of all the 
endeavors of the Venetian captains of commerce, the trade in 
pepper became a Portuguese monopoly 1 ) from that time on, 
and remained such nearly up to the 18. century. 

The estimate in which pepper was held during the middle 
ages is indicated by the fact that it was symbolic for the entire 
spice trade. Already in Rome the spice peddlers were known 
as Piperrarii. Later in France they were called Pebricrs, and 
in England Pepperers .-) 

In all probability, oil of pepper was known during the middle 
ages. It is first mentioned, however, by Saladin. 11 ) It was first 
described by Valerius Cordus') and later by Giov. Batt. Porta. ft ) 
The method of distillation of the oil is first described by Winther") 
of Andernach, who, about 1550, distilled the oils of pepper, 
cinnamon, cloves, etc, The Dispvnsutorium Noricum of 1589 
was the first of the pharmacopoeias to include the oil. It is 
also enumerated in the municipal pharmaceutical price ordinance 
ot Berlin of 1574, also in that of Frankfurt of 1688. 7 ) 

‘) W. Hcyd, Gescbichte des Levantchandv/s im Mittelafter. 1879. Vol. 2, 
pp. 502 527. 

■) Ibidem, vol. 2, pp. 634 -640. 

u ) Saladini Asculani Compendium aromatariorum. Vcnetii 1488. Index. 

') Val. Cordi Annutationes in Pcdacei Dioscoridis Anazarbei de materia 
medica libros quinque. De artificiom extractionibus. Editio Gesner. 
Argentorati. 1561. fol. 226. 

’■) Porta; Magix naturalis fibri viginti. Liber de destillatione. 1567. 
p. 379. Editio 1589, p. 184. 

ri ) Guintheri Andernacensi de mcdicina veteri et nova. Basil. 1571. 
pp. 630 -635. 

: i H. A. van Rheede tot Draakestein, Hortus indicus malabaricus. 
Vol. 7, p. 14. "Oleum ex pipere destil/atum ievem piperis odorem spirans, 
sapor is parti m acris.” 


8 * 
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The first chemical investigations of pepper were conducted 
by Caspar Neumann 1 ) and H. D. Gaubius, -) later ones by Willert, 3 ) 
Oerstedt* 1 ) and Pelletier.'’) 

PEPPER OIL FROM LONG PEPPER. 

Long pepper was used in antiquity both as spice and as 
medicament. It is mentioned in a number of mediaeval drug 
lists.") Presumably, however, it never was in general use and 
in recent times it has come into disuse. 

Distilled oil of long pepper is first mentioned in pharmaceutical 
price ordinances in 1589. It was included in the 1589 edition 
of the Dispvnsutorium Noricum. The first chemical examination 
of long pepper was made by Winkler 7 ) in 1827. 

OIL OF CUBEBS. 

Apparently cubebs were used as spice in China and in India 
during antiquity. s ) As medicament they appear to have first 
been used by the Arabians.") Kurdabah 1 ") of Mesopotamia and 
Madusi") of Bagdad, travelers living in the 9. and 10. centuries, 
mention cuhcbs among the more important spices. Edrisi, 1 -) a 

') C. Neumann, (inindJicbc nut I\pvrimenten erwiesene Chymie. Editio 
C. H. Kcssel. 1749. Vol. 2, Prt. 4, p. 9. 

* *) Gauhii Ad\ ersa/iorum van/ argument/' liber umis. 1771. Cap. 5, p. 55. 

“) Trommsdorff’s |ourn. der Pharm. 20, II. (1811), 44. 

*) Schweigger’s |ourn. fur Chemie und Physik 20 (1819), 80. 

') Trommsdorff’s Neues Journ. der Pharm. II, II. (1822), 233. 

*) Macer Floridus, lie virihus Iwrban/m una cum Walafridi Strabonis, 
Othonis Cremonensis et joannis Folcz carmitubus similis argument/'. Editio 
Choulunt. I.ipsix 1832. p. 114. Simon Januensis. Synonyma medicinse sen 
Chnis sanat/unis. Veneti 1510. Uonuini Stdtuti invditi della citta de Pisa. 1857. 
Vol. 3, p. 492. - Kunstmann, Kenntnis Indiens im 15. Jahrhundert. Munich 1863. 
p. 40. Saladini Compendium aromatariorum, Bononiensi 1488. Index. 

; ) Arch, der Pharm. 211 (1828), 89. 

s ) Alexandri Tralliani Opera. Edit. Puschmann. Vol. 2, p. 396. 

’’) Paulus Aegincta. - Editio Fr. Adams. London 1847, Vol. 3, p. 455. 

"*) Kbordadbeh, ie Here des routes et des provinces par Barbier de 
Meynard in the Journal asiatique 5 (1865). 294. 

") Meynard and dc Courteiile, Prairies dVr. Paris 1861 1877. Tom. 1. 
p. 367 and Tom. IV, p. 78. 

‘*) Amcdee laubert, ( Uographie d'Edrisi 1836. Tom. 1, p. 51 and 89. 
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Sicilian geographer of the 12. century mentions cubebs among 
the spices imported via Aden. The abbess Hildegard l ) and the 
Danish cannon Henrik Harpestreng*) describe cubebs as a valu- 
able remedy. During the 13. century cubebs were used generally 
in Europe both as spice and as medicament. As such they are 
mentioned from the 14. century on in medical writings and 
municipal price ordinances. : ‘) 

Later the use of cubebs as spice declined. Indeed they had 
almost been forgotten when at the beginning of the past century 
their use was again urged by English physicians. 4 ) 

Cubebs were examined chemically by G. Wedol r> ) in 1704, 
soon theraftcr by Caspar Neumann, 15 ) in 1810 by Trommsdorff ) 
and in 1821 by Vauquelin.') 

The volatile oil of cubebs was known to Valerius Cordus*) 
in 1540. In price ordinances it first occurs in that of Frankfort- 
on-thc-Main of 1582. 


') Hildegardis Abbatissae Suhtihtatum diversarum naturarum crcaturarum 
Libri novem. Editio Migne. Patro/ogi.v cursus aunpletus. Tom. 197 (1855), 
p. 1147. Meyer, Geschicbte der fiotanik. Vol. 5, p. 537. 

•’) Harpestreng, danske Laegcbog fra dot trvttende Aarhundrede, berate 
Citing utgivet eftcr et Pergamenthaandskrift. Copenhagen. 182b. p. b2. 

;i ) Monument a Cnldhalhe Londunienm. l.ibcr alhus /, p. 230. Cap- 
many, Memorials historiais sobre In Matina, Comme/cio y Artes de la Ciu- 
dad de Barcelona. 1779. p. 44. Bourquelot, Etude* stir les foires de la 
Champagne. Memo ires dc I’lnstitut, Tom. 5 (1865), p.288. - Saladini Com- 
pendium aromatariorum. 1488. Hans Folcz, Confectbuch vom Jah re 1480. 
In Choulant’s Handbuch dcr Bikhcrkunde fur die Sltere Median. 1832. 
p. 188. Rogers, History of Agriculture and Prices in England. Vol. 1, 
p. 627; vol. 2, p 544. Liber niger Scaaarii. London 1771. Vol. 1, p. 478. 
Val. Cordus, Dispensatorium Noricum. Edit. 1548. pp. 7b, 77 and 327. 
Fluckiger , Dokumente zur Gcschkhte der Pharmazie. 187b, 15, and Die 
Frankfurter Liste in the Arch, der Pharm. 301 (1872), 441 and '-Ml (1877), 101. 

4 ) Dictionary of the Indian Islands. London 1856. p. 117. Edinburgh 
Medical and Surgical Journal 14 (1818), 32. Merat et de Lens, Dictionnaire 
universe I de materia medica. Tom. 5 (1833), p. 331. 

■*) G. Wedel, Dc cubebis. Dissertatio. )enae 1705. 

•■) Caspar Neumann, Lectiones chymici de salibus alkalinofixis et de 
camphora. Berlin. 1727. 

7 ) Trommsdorff's }ourn. der Pharm. 20, I. (1811), 69. 

”) Trommsdorff’s Taschenbuch fur Chemiker und Pharmazeuten 1H22, 195. 

") Valerii Cordi Annotationes in Pedacei Dioscoridis de medica materia 
libros quinque fonge alia: quam antea sunt hac sunt evulgats. 1561. fol. 226. 
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OIL OF BETEL 

When and by whom betel oil was first distilled is not known: 
it is highly probable that the preparation of the oil by Kemp 1 ) 
in 1885 was not the first. A superficial examination of Siam 
betel oil in the laboratory of Schimmel $ Co.*) in 1887 revealed 
the presence of a phenol in fraction 250— 260 , which seemed 
to correspond with cugenol. Eykman, 11 ) who in 1888 examined 
an oil distilled by himself in Java, found no eugenol, but a new 
phenol which he called chavicol, A second examination in the 
laboratory of Schimmel $ Co. revealed the fact that Siam betel 
oil contains neither cugenol nor chavicol, but a third phenol, a 
previously unknown isomer of cugenol, which Bertram and Ciilde- 
meistcr 4 ) in 1889 termed betel phenol. 

OIL OF SWEET BIRCH. 

Next to turpentine oil, the oils of sassafras, wintergreen and 
birch bark are among the first oils obtained by distillation in the 
United States. The similarity in odor and taste of birch bark oil with 
true oil of wintergreen from Gaultlwria procumbcns was known 
before 1818. 5 ) The chemical identity of the principal constituent of 
both, however, was demonstrated by Wm. Procter |r.“) of Philadel- 
phia in 1843. As the demand for wintergreen oil increased and 
since wintergreen leaves were not as readily collected, sweet birch 
bark was distilled indiscriminatly with wintergreen leaves or even 
distilled alone as substitute 7 ) so that the commercial natural oil is at 
present obtained almost exclusively from the bark of Bctula Ivnta, L. 

') Dyinock, Warden and Hooper, Pharmai ogruphia indica. Part. VI, p. 188. 

’) Schimmcl’s Bericht October IHS7, 34. 

•) Chem. Ztg. 12 (1888), 1338. 

*) Journ. f. prakt. Chem. II. (1889), 340 

') Bigelow, American Medical Botany. Boston 1818. Vol.2, pp.28 and 241. 

") Americ. Journ. Pliarm. 1'» (1843), 241. 

) Betu/a lentu and Onu/t/wria procumbcns grow together in the wooded 
mountainous regions of the North Atlantic states. In a report on the wintergreen 
oil industry, Kennedy of Potts ville, Pa. (Americ. journ. Pharm. 5-1 [1882], p. 49) 
called attention to the fact that the cost of collection of birch bark was but 
I 7 of that of wintergreen leaves; also that the yield of oil from the bark was 
about 0.25 p. c., whereas that Irom wintergreen was 0.80 p. c. According to 
these figures the cost of production of the oil from birch bark is but half 
as great as that of wintergreen leaves. 
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OIL OF HOPS. 

As early as the middle ages hops were used for the 
aromatization of beer, being mentioned in literature since the 
8. century. 1 ) For .medicinal purposes hops and their glands have 
been used only in more recent times. The medicinal use of lupulin 
was first suggested in 1820 by Ives, 4 ) a New York physician. 

Apparently the volatile oil of hops was first distilled from 
the glands in 1821 by Payen and Chevallicr. J ‘) 

OIL OF SANDALWOOD. 

Because of its peculiar odor sandalwood from Santalum 
album was highly prized during antiquity in India and China. 

Of the useful woods it was the most durable because it is 
avoided by the white ant that destroys most other kinds of wood. 

In India it was therefore used for carving images of the dicties, 
and temple decorations. Both in China and India it is used as 
incense in the cult of the dead and other religious worship. 

Sandalwood is mentioned in the earliest Sanscrit literature 
and probably also in that of China. Yet it docs not appear to 
have been an article of barter between India and China and the 
Occident. To the Egyptians, however, it was known as early 
as the 17. century B. C. They obtained it from the countries 
lying between the gulf of Aden and the Persian bay, then known 
as the Punt or Phun. 4 ) 

The first mention of sandalwood during the Christian era 
occurs about the middle of the first century in the Periplus of 
the Red Sea; fi ) somewhat later in the 5. century in the writings 

') Fluckiger and Hanbury, Plmrmacagraphk. 1879. p. 551. 

s ) Silliman’s |ournal of Sciences and Arts IHtSO, 302. 

!i ) foum. de Pharm. 8 (1822), 214 and 533. 

') Dumichen, Die Eiotte einer Sgyptischen K6nigin. Leipzig 1868. 
Dumichen, Historische Inschriften. 1869. Dumichen, Aegypten, 1880. 
p. 100. In Oncken’s Allgem. Weltgeschichte. -Lieblein, Handel und Schiff • 
fahrt auf dem roten Meere in alien Zeiten. Christiania 1886. pp. 21 and 31. 
Quatremere, Mtmoires gdographiques et historiques sur I'Egyptc. 1811. 
Vol. 2, pp. 366 -375. 

•') Periplus mans Erythraei. Editio Fabricius. Leipzig 1883. p. 75. - 
Vincent, Commerce and Navigation of the Ancients in the Indian Ocean. 
London 1807. Vol. 2, p. 378. 
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of Kosmas Indikopleustes. 1 ) From that time on, sandalwood is 
mentioned by a number of writers and travelers: in the 9. cen- 
tury by Avicenna, 2 ) in the 10. century of $erapion n ) and by 
Masudi, 1 ) in the 11, century by Constantinus Africanus of Salerno*) 
and in the 13. century by Marco Polo.' 5 ) Saladin of Ascoli 7 ) 
in the 15. century distinguished between white, yellow and 
red sandalwood.”) Barbosa*’) in 1511 makes a like distinction 
and adds that the while and yellow wood arc obtained from 
the Malabar coast and cost ten times as much as the red. 
Rumpf 1 ") in 1741 was the first to give a good illustration of 
the tree. 

Inasmuch as the volatile oil of sandal-wood has come into 
use medicinally only in recent times, it is mentioned but seldom 
in mediaeval works and in the later treatises on distillation. 


') Christiana topograpliia, in Mignes Patro/ogix annus completus. 
Series gratia. Vol. 88, pp. 574 and 446. Lassen, Indische Alter tumskunde. 
Vul. a, p. 40. Meyer, (iesdnehte dvr liotanrk. Vol. 2, p 388. 

2 ) Avicenna: hhri in re medic, t ornnes; I, dine redditi ab I. Paulo Mongio 
et I. Costco recogndi. 2 Vol. Venctis 1 564. Canon medianx. Lib. tl. tiaclid. 

H. Cap. 65b. 

) ither Serapionis aggregatus rn medreitm srntpiicibus. Mediolani 1473. 

') Ali el Masudi, l.es Prairies d'Ot, teste et truduite pur Meynard et 
P. dc Courteille. 9 Vol. (the original Arabian text was completed in 984). 
Paris 1861 1877. Vol. 1, p. 222. 

') Constuntini African! Opera omnia. Busilia.* 1536. Liber de gradibus. 
p. .109. 

") Pauthier, I.e l.i\re de Marco Polo. Paris 1865. Tom. 2, p. 580. 

7 ) Compendium aromntarionim Saladini principis tarerdi dignissimi 
media dihgenter eorrectum et emendation. 1488. 

K ) It is not at all improbable that even during premediaeval times the 
wood of the Pterocarpus santalinus, 1.., N. O. Leguminosae, which tree is 
indigenous to the Southern parts of the Cast Indies and to the Philippines, 
was used on account of its red pigment. Inasmuch as it was imported from 
the same countries that yielded the fragrant sandalwood it was at first re- 
garded as related to sandalwood and hence so designated. This error and 
with it the false designation has remained. In consequence many an author 
has placed them together, c. g. in the list of I rankfurt of 1450. Garcia da 
Orto recognised the mistake and called attention to it though in vain. (Ab 
Horto, Colloquies dos simples e drogas he cutrsas medicinais da India, 
e assi dalguas frutas achadas nella andc se tratam. 1563. Varnhagen’s 
reprint 1872, p. 188. Editio Carolus Clusius 1539, p. 68.) 

’’1 Ramusio, Delle navigation! et viaggi. Venetia 1554. fol. 357, 6. 

,0 ) Rumphii Herbarium Ambomense. Amstelodami 1741. Vol. 2, p. 42. 
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Its distillation is recorded by Saladin, 1 ) by Conrad Gesncr*) and 
by Friedrich Hoffmann. 3 ) The yield was first ascertained by 
Caspar Neumann and Dehne. 4 ) It was first examined by 
P. Chapoteaut.*) 

it is reported that in Ceylon distilled oil of sandal-wood 
was used for the embalming of the dead bodies of princes as 
early as the 9. century. 3 ) 


OIL OF STARANISE. 

Owing to its peculiarly shaped and aromatic fruits, the star- 
anise tree has no doubt been known since antiquity and has 
received attention. However, Chinese literature appears to contain 
little concerning its use. Under the Sung dynasty, between 070 
and 1127, several of the southern Chinese provinces had to 
furnish star anise as tribute. 7 ) Into European commerce it was 
apparently introduced by the circumnavigator Thomas Cavendish, 
who in 1578 brought it to London from the Philippines. It was 
in London that the Leyden Professor Carolus Clusius first became 
acquainted with the fruit and described it as An/st/m philippin - 
arum insula rum.") According to a statement by Rcdis, star- 
anise is supposed to have been known to the Italian drug trade 
as early as the middle of the 16. century under the name 
Fwniculum sinense") but apparently was not used until the 
middle of the 17. century. 

The volatile oil of staranise was distilled some time during 
the 18. century but was not used to any extent until the 19. century. 

‘) Compendium aromatariorum Saladini. 1488. fol. 349. 

*) tin ktistiicher Schatz Euonymi Philiatri. 1555. p. 246. 

!1 ) Frederici Hoffmannil Observatorim physico-chemicarum selectiorum. 
Hal* 1722. Lib. III. Observ. I, p. 69. 

‘) Crell's Cheinisches Journal 8 (1780), 18. 

■-) Bull. Soc. chim. II. 87 (1882), 303. 

") Fluckiger and Hanbury, Pharmacy raphia. II. edit., 599. 

■) Bretschneider, Study ahd value of Chinese botanical works. Foochow 
1870. p. 14. 

*) Clusii pariorum plantarum historia, Antwerp. 1601. p .202. 

») Hedi, Experienze natural/. Firenze 1671. p. 119. Tavola 2. — Latin 
edition: Redi, Experimenta circa res diversas naturales, speciatim ilfas, qux 
ex India adferuntur. Amstelodami 1675. p. 172. 
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The chemical composition of staranisc and the yield of oil were 
studied about the time by Caspar Neumann and Friedr. Cartheuser; l ) 
somewhat later, /. e. in 1818, by W. Meissner.-) 

OIL OF YLANG YLANG. 

It is only since the beginning of the sixties of the past 
century that ylang-ylang oil is being distilled in the island of 
Luzon, P. I. The first to take up this distillation was F. Steck 8 ) 
a German apothecary in Manila, and the uncle of Pablo Sartorius, 
whose name is still associated with the firm that makes a 
speciality of this oil. Of the larger distillers of that early period, 
). Witte and von Wcsternhagcn should be mentioned. 

In Europe it was the Parisian apothecary F. Rigand 4 ) who 
contributed to make known this oil. however, ylang-ylang oil 
did not become widely known until the world’s fair in 1878, 
when it was exhibited in Paris by Oskar Reymann and Adolf 
Rocnsch of Manila. 

OILS OF MACE AND NUTMEG. 

Older literature contains no definite information pertaining 
to knowledge of or use made of nutmegs during antiquity. 
Statements, such as occur in the writings of Plautus, Scribonius 
Largus, Dioscoridcs, Pliny, Galen etc. that seem rcferrable to 
mace, may as well be referred to the bark of Ailanthus mala- 
barica, D. C„ an East Indian tree/') Into western Europe the 
fruits were probably introduced by Arabian physicians. 

About the year 1180 nutmegs are enumerated among the 
spices imported into Accon, the port of southern Syria.' 1 ) In 

') f\ A. Cartheuser, Element* chymis-medics dogmatico-experimentatis ; 
una cum synopsi materia.' medics selection's. Halae 1736. Vol. 2, p. 327. 

•’) Chemische Untersudiung des Sternanis. Buchholz, Taschenbuch fur 
Scheidekiinstler und Apotheker auf das )abr ISIS und 1819, 1. 

*) Pharm. Zentralh. » (1868), 46. 

') Ibidem 7 (1866), 478. 

') Acosta, Tractate de las drogas y medicinas de las India orientales. 
Burgos 1578. p. 40. Merat et De Leus, Diet, de Materia medica. 1832. 
Vol. 4, p. 173. 

rt ) fiectteil des Historiens des Croisades. Lois. 1843. p. 173, — W. Heyd, 
Geschichtv des Levantehandels ini Mittelafter. 1879. Vol. 2, p. 624. 
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1158 nuces muscatarum from Alexandria were articles of 
commerce in Genoa. 1 ) At that time they were evidently prized 
for fumigating purposes.*) From that time on, nutmegs were 
found in all of the larger marts and soon became one of the 
most precious spices. Their geographic source, however, 
apparently first became known through the travelers Lodovico 
Barthema and Pigafetta*) in the beginning of the 16. century. 

It was about this time that the Portuguese, having taken 
possession of the Spice Islands, made a monopoly of nutmegs 
and other indigenous spices. A century later, when in 1605 
the Portuguese were driven out by the Dutch, the latter attempted 
to concentrate the production and commerce of nutmeg to a few 
islands, notably on Banda and Amboina. With this in view they 
destroyed the spice-producing trees and shrubs on the most 
productive islands and forbade their cultivation. 4 ) This inter- 
diction was not removed until 1863. In 1769 the French succee- 
ded in transplanting the nutmeg tree to Mauritius and at the 
beginning of the 19. century the English began its cultivation in 
Benkulen (Sumatra) and Penanz. 

Until recently nutmeg and mace belonged to the most expensive 
spices. With the cultivation of the nutmeg tree in Dutch, English and 
French colonies, nutmegs became more plentiful and hence cheaper. 

The distilled oils of nutmeg and mace were well known to 
the authors of the treatises on distillation that appeared during 
the middle of the 16. century and later. Valer. Cordus,*) 
Walter Ryff,") Conrad Gesner, 7 ) Porta, H ) Winther*) and others 
make repeated mention of both oils. 

') Historia Patria: monument. Charts 11. Torino 1853. fol. 514. 

2 ) Petrus tie Ebulo, Carmen da motihus siculis. Basiiia: 1746. p. 23. 

«) Ramusio, belle navigation i et viaggi . Venetia t554. fol. 183 and 
fol. 389b. 

') Hasskarl, Neuer Schlusscl in Humph Herbarium amboineme. 
Halle 1866. Vol.2, p. 17. 

*) Valer. Cordi Annotation?* in Pedanii Dioscoridis de Materia medica 
libri V. De artificiosh extractionibus liber. 1540. fol. 226. 

«) Gualtherius Ryff. Hew gross Destillirbucb. Editio Frankfurt a. Main 
1556. fol. 181. 1888. 

■) Euonymi Philiatri Cm kOstlicher Schatz etc. 1555. p. 215. 

") portae Magix naturalis libri 20. Libri de destination e. Pars 1, p. 378. 

*) Guintheri Andernacei de medicina veteri et nova. Basiiia; 1571. 
p. 630 - 635. 
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Both oils are first mentioned in pharmaceutical price 
ordinances of Berlin of 1574, of Frankfurt and of Worms of 1582, 
and in the 1589 editions of the Dispensatorium Noricum. 

These oils were first examined by Caspar Neumann, 1 ) 
Conrad Mich. Valentine 2 ) and Bonastrc. ! ‘) 


OIL OF CAMPHOR. 

In China, camphor has been prepared and used in early 
antiquity. The first documental reference to it is found in the 
writings of the Arabian prince lmru-1-Kais of the sixth century; 1 ) 
also in the Koran, in which it is mentioned as a refrigerant 
in connection with the beverages of the blessed in paradise."') 
Actius of Amida, also in the sixth century, mentions camphor 
as a remedy.") When the palace in Madain of Chorocs II. king 
of the SassanidtU was pillaged in 636, much camphor was taken 
in addition to nuisk, arnbra, sandalwood and other oriental 
aromatics. 7 ) Later, when Arabian sailors and merchants sailed 
to India and China, they became acquainted not only with the 
principal ports via which the camphor was shipped from south- 
eastern Asia to the Mediterranean countries, but also with the 
sources of supply. Thus the Arabian merchants and physicians 
became acquainted with the different varieties which entered the 
world’s market in part from China, in part from Sumatra. Marco 
Polo, in the 13. century, also became acquainted with the 
camphor in Sumatra and Borneo.") 

‘) Neumann, Chyniui inedica dogmatico-vxperirncntalis. Zullichau 1749. 
Vol. 2, Part 3, p. 437. 

■’) Macis uitgo sed pciperarn, Muskatenblume dicta. Dissertatio. 
Giessen 1719. 

’) Tronimsdortf's Neues Journ. der Pharin. S, II. (1824), 231. 

') In Ibn Hagik al Hamdany’s manuscript on the description of Arabia, 
p. 170, and f’luckiger's Pharmacognosie. p. 159. 

") l.e Koran, t radii it par Kasimirski. Cap. 76. V. 5 and 6. 

") Aetii ab Amida media' gnvei ex vetcrihus medicine Tetrabiblos. 
i'ditio Lroben. Basilia: 1542. p.926. 

: ) Weil, Cieschichte der Clmiiten. Mannheim 1846. p. 75. 

') Yule, Book ol Ser Marco Polo. London 1871. Vol. 2, p. 185. — 
Pauthier, Le li\rc dc Marco Polo. Paris 1865. Vol. 2, p.577. - Masudi, 
Prairies d'Or. Kditio Meynard et de Courteille. Paris 1861. Vol. 1, p.367. 
- Ritter s Lrdkunde von Asien. 1834. Vol. 3, pp. 858 881. 
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The preparation of camphor in Japan was first described by 
Engelbert Kaempfer. 1 ) Probably the Japanese learned the method 
of preparation from the Coreans. It is said to have first been 
introduced into the province Satsuma on Kiuschiu and later 
spread over the rest of Kiuschiu and over Schikoku and other 
parts of Japan. 3 ) The age of the production of camphor in 
Formosa is unknown. Klaproth ; ‘) who visited the island at the 
beginning of the past century refers to the production of camphor 
as one of the principal industries of Formosa. Since the occu- 
pation of the island by the Japanese, the distillation of camphor 
has been increased materially. 

In medical practice camphor was known to the Arabians. 

In Italy it was used during the Ik century and in Germany 
during the 12. century. 

Camphor oil was first brought to Europe in 1884. As 
principal constituent of the oil, Schimmel 8| Co. discovered 
safrol and isolated it on large scale. 

OILS OF CASSIA AMD CEYLOM CINMAMOM. 

The cassia bark of China and the cinnamon bark of the 
Indian archipelago are among the longest known and used spices. 
Cassia is mentioned in the earliest herbals and medical treatises 
of China, 1 ) about 2500 B. C., and as early as the 17. century B. C., 
it appears to have been used by the Egyptians.*) It is also, 
mentioned in most of the writings of antiquity. Thus in addition 
to other spices it is mentioned in Sanskrit literature and in the 
Old Testament.'') 

’) E. Kampfer, Anuenitates exotic x. Lemgo 1712. p. 772. (With an 
illustration of the tree.) 

'*) James W. Davidson, The Island of Formosa. London and Mew York 1903. 

■) Klaproth, Mcmoires re/atifs a f'Asie. Paris 1824. 

‘) Bretschneider, On the study and value of Chinese botanical works, 
with notes on the history of plants and geographical botany from Chinese 
sources. Foochow 1870. 

») Dumichen, Die flotte einer ggyptischen KOnigin. Leipzig 1868. - 
Schumann’s Kritischc Untersuchungen fiber die Zimtiandcr. i:rganzungs- 
heft No. 73 zu Petermann's Mitteihmgen. Gotha 1883. p. 11. 

") Exodus, 30: 23 and 24. - Psalms. 45: 9. Jeremiah, 6: 20. Hesekiah, 
27: 19. - Proverbs, 7: 17. Song of Solomon, 4: 14. - Jesus Sirach, 24: 
20 and 21. - Apocalypse, 18: 13. 
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As its geographical source, mythical countries are mentioned; 
also and this, no doubt, because of the customary commercial 
routes 1 ) Arabia and Ethiopia. 2 ) At the time of the Hebrews 
the commerce in cinnamon was largely in the hands of the 
Phoenicians.' 1 ) In order to guard their own interests, the Phoenician 
merchants did not correct these erroneous surmises and state- 
ments. Hence for centuries the real source of cassia remained 
undecided. 

Both Greeks and Romans knew and used cinnamon. The 
Arabians introduced it into western Europe. From the 8. century 
on, it was a well known though costly spice. As such it is 
frequently mentioned among the presents given by princes to 
each other or to the pope.*) During the 12. and 13. centuries 
both Chinese and Ceylon cinnamon were common articles of the 
Levant trade' 1 ) and in the eastern ports of the Mediterranean. 
From the 15. century on, both were current articles in apo- 
thecary shops.") 

Later when the more expensive Ceylon cinnamon was also 
brought into the European market, the two kinds were frequently 

‘) Historical introduction, p. 5. 

•) Diiniichen, Dio / lotto t'inot ,'igyptischen h'onigin. 1808. — Diimichen, 
Historic tic Inschrilton. I8b0. Dumichen, Agypten in Onchcns Al/gomoinct 
WeltgvscluUite. 1880. p. 100. — Herodoti Historiarum libri, Lib I, 107 
and 110. Lib. 3, 110 112. — Thcophrasti // istoria plantarum. Lib. 9, 4—5. 
• Arriam Anabasis. Lib. 7, 20 and 21. — Fragmenta historicorum gntcorum. 
Do man />; thr.vo, p. 97. - Diuscoridis, Do medica materia libri quinque. 
Lib. 1, 12 and 13. Editio Kuhn-Sprengel 1829. Vol. 1, p. 23. — Plinii Naturalis 
historic hhri. Lib. 12, 41 43 and 4b. - Poriplus man's trythrxi. Editio 
Eabricius. 1883. pp. 47 and 51. A. H. L. Heeren, Ideen uber die Politik, 
don Veikebr and don Handel dci wmehmsten Vdlker der alten Weft. 
Gdttingen 179b. Vol. 2, pp. bll bl3. - Meyer, Gcscbichte der Botanik. 
Vol. 2, p. 8b. 

') See pp 5 and b. - Lassen, Indische Altertumskunde. Bonn 1847. 
Vol. 1, p 280. 

') Libor pontificus. Editio Duchesne. Paris 1886 Vol. 1, p. 177. - 
Pardcssus, Diplomatd charts etc. Paris 1849. Vol. 2, p. 309 - Jaffe, Bib- 
liotheca rcrum (iermanicarnm. 188b. Vol. 3, p. 218. 

’) Sec p. It. 

") hr. Bald. Pegolotti, La pratica della mercatura. In Pagnini Della 
doama o delle altre grave no etc. Lisboa c Lucca. 17bb. pp. 27, 44, 49, 64. 

|oh. de Garlandia, Dictionnairv. Fditio Scheler in Lexigraphic latine du 
12. et 13. siocle. p. 28. 
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confounded. Garcia ab Orta in 1536 was the first to distinguish 
definitely between the two kinds. 1 ) In the accounts of the 
Portuguese, who under Vasco da Gama touched at Ceylon in 1498, 
mention is made of cinnamon as one of the products of the 
island, without, however, regarding it as better than the Chinese 
cinnamon previously known to them. 3 ) Even later most of the 
cinnamon that was imported over the water route via Ceylon 
into the ports of the Erythraean and Red seas, appears to have 
been Chinese cinnamon. Ceylon cinnamon was originally collected 
in the forests of the interior of the island. This product was in 
no way the equivalent of the present-day bark, obtained by 
rational pealing from improved plants. These improved methods 
of production appear to have been introduced toward the close 
of the 16. century. 11 ) After the occupation of Ceylon by the 
Dutch in 1556, one of the governors greatly improved the culti- 
vation of cinnamon. As a result they soon were in a position 
to supply the European market with a bark that was superior 
to the wild product.') After the occupation of the island by 
the British in 1796, the cultivation of and commerce in cinnamon 
became the monopoly of the British East India Company. The 
monopoly lasted until 1833.'’) This company levied an export 
duty and thus injured the Ceylon trade causing the Dutch to 
cultivate cinnamon in Java and Sumatra. 

When in the course of the fifteenth century the distillation 
of aromatic waters for medicinal purposes became a common 
practice,") cinnamon bark was undoubtedly distilled for the pre- 
paration of its water. The Canon St. Amando of Doornyk living 

') Garcias ab Horto, Colloquies das simples c dmgas he coims medi- 
cinais da India etc 1563. Efdftio f . A. von Varnhagen. 1872. p. 63. - Editio 
Clusius, Arumatum et simplicium aliquot medicamentoriorum apud Indos 
nascent in m historia. Antverpia? 1593. p. 60. 

-) Odoardo Barbosa in Ramusios Dclle navigation ct viaggi. 1554. 
hditio Hakluyt Society, London 1866. "East Indies." 

'•) Lettera di Filippo Sassetti a Francesco 1. di Medici, Storia dei viaggia- 
turi italiani. Leghorn 1875. p. 367. 

') ). A. Murray, Apparatus medicaminum tarn simplicium quam prae- 
paratorum et compositurum. 1787. Vol. 4, p. 421. — Nees von Esenbeck, 
Amoenitates hotanicae Bonnenses. 1823. Fasc. 1. 

*’) Sir fames Emerson Tennent, Ceylon, an account of the island, phy- 
sical, historical and topographical. 5 th edit. London 1860. Vol. 2, p. 164. 

“) See p. 39. 
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toward the end of the 15. century seems to have been the first 
to isolate oil of cinnamon 1 ) in addition to bitter almond oil and 
oil of rue, and several other volatile oils. Valerius Cordus had 
prepared the oil about 1540.-) At that time it may already have 
found application in medicine, so that it was included in the first 
edition of the Dispvnsatorium Noricum. Lonicer soon afterward 
distilled the oils from the spices, among them cinnamon oil, in 
a new peculiar apparatus/) In the price ordinances cinnamon 
oil is first mentioned in that of Berlin of 1574, also in that of 
f : rankfurt-o.-M. of 1582. 

Winther of Andernach ‘) distilled and described the oil in 1570, 
and G. B. Porta in 1589.*‘) 

The early observations made on cinnamon oil were restricted 
mainly to the crystalline deposit formed upon prolonged standing. 
Such crystal formations were observed (among others) by 
Ludovici") about 1670, later by Slarc in England, 7 ) by Boer- 
haave”) and Gaubius”) in Holland. The latter regarded them as 
camphor; Du Mcnil 1 ") and Stockmann 11 ) supposed them to be 
benzoic acid, Dumas and Peligot 12 ) in 1831 recognized them to 
be cinnamic acid. C. Bcrtagnini prepared pure cinnamic alde- 
hyde in 1852.' : ‘) 

’) See p. 33. 

•) Valerius Cordus, be artificiosis extractionibus fiber. Edit. Gesner. 
Argentator. 1561. fol. 226. 

1 See the next chapter. 

') Guintheri Andernacei Liber dc veteri et nova medicina. Basiliae 1571. 
pp. b!J0 - b35. 

') G. B. della Porta, Liber de dcsti/latione. Roma; 1563. fol. 75. 

") Lpbemcrides medtco-physicx Academic naturalis, Curiosorum ob- 
servationes t4a. p. 378. 

7 ) Philosophical Transactions of the Royal Society of London. Vol. 3 
(1686), p. 362. 

1 Boerhaave, UJementa chemise etc. Lugduni Batavorum 1732 Vol. 1, 
p. 106. Vol. 2, pp. 114 and 121. 

’’) Gaubii Adversuriorum varii argument i liber units. Leyda; 1771. 

p. 29. 

,0 ) Buchner's Repertor. der Pharmacie •> (1819), 1.— Schweigger’s Journal 
fur Chemic und Physik 2! (1819), 224. 

") Trommsdorff's Neues Journ. der Pharm. 14 (1827), 237. 

'*) Annal. de Chim. et Phys. 11. 57 (1834), 305. — Liebig’s Annalen 14 
(1835), 50. 

,n ) Liebig’s Annalen *5 (1853), 271. 



History of individual volatile oils. 


129 


The yield of volatile oil from cassia and cinnamon barks 
was determined by the following observers: G. W. Wedcl 1 ) in 1707 ; 
Friedr. Cartheuser, 2 ) Caspar Neumann 3 ) and Phil. F. Gmelin 4 ) 
in 1763; ). F. A. Goettling 3 ) about 1803; by Define 8 ) about the 
same time; also by Buchholz 7 ) in 1813. 


OIL OF SASSAFRAS. 

As already mentioned under the oils of sweet birch and 
wintergrecn,*) next to turpentine oil, the oil of sassafras was 
the first volatile oil distilled in Morth America. On account of 
the pleasant aroma, the root bark known as Pavame was chewed 
by the natives. It was also mixed with smoking tobacco*) and 
added as aromatic to refreshing beverages and was used as a 
remedy. On account of its peculiarity, the sassafras tree is 
said to have attracted the attention of the Spaniards at their 
first landing in Florida under Ponce de Leon in 1512, also under 
de Soto in 1538. They arc said to have regarded it as a kind 
of cinnamon tree. Afterward the sassafras tree soon came to 
be regarded as a valuable medicinal plant 10 ) and article of luxury 
of the new world. In Mexico it had long been regarded as such. 11 ) 
As late as the first half of the 19. century the bark, leaves and 

] ) Wedel, De cinnamomo. Dissertatio. Jena: 1707. 

*) Cartheuseri Elementa chymiae dogmatico-experimenta/is. Halac 1736. 
Vol. 1, p. 127; vol.2, pp. 100 and 187. 

3 ) Neumannii Chymia medica dogmatico- experimentaiis. Editio Kessel. 
Zullichau 1750. Vol. 2, pars 2, p. 20. 

») Philipp F. Gmelin, De analepticis quibusdam nobilioribus et cinnamomo. 
Dissertatio. Tubingen 1763. 

s ) J. F. A. Gottling, Analyse der Cassienzimtrinde. Buchholz Taschen- 
buch fur Scheidekiinstler und Apotheker 1804, 1. 

ft ) Neues Berl. Jahrbuch fur Pharmacie 1805, 289. 

7 ) Buchholz Taschenbuch fur Scheidekiinstler und Apotheker 1814, I. 

N ) See p. 118. 

°) C. S. Rafinesque, Medicinal Flora or Manual of the Medical Botany 
of the United States of North America, 1830. Vol. 2, p. 235. 

10 ) Monardes, Historia medicinal de las cosas que se traen de nuestras 
fndias occidenta/es qui sirven en medicina, Sevilla 1574. p. 51. Editio fatina 
Clusii. Antverpiae 1593. pp. 355 — 359. 

”) Joannis de Laet, America utriusque descriptio, Novus Orbis, seu 
descriptionis India occidentafis libri 18 Lugduni Batav. 1633. p. 215. 

GlLDFMEISUR, Tut VOLATILE OILS. 9 
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buds were used in the middle and central states as a substitute 
for Chinese tea. 1 ) 

As early as 1582 sassafras wood and bark became known 
in Germany as a new American drug and were used under the 
name of Lignum pavanum , Lignum florid urn, Lignum xyfo- 
marathrum (Fenchelholz)r) In 1610 young plants were brought 
to England and cultivated. 8 ) Bark and wood were apparently 
first distilled in 1620 by Angelus Sala of Vicenza, who as body 
physician to the Duke of Mecklenburg, lived in Schwerin from 
1610—1639, and who mentions that the oil is heavier than water. 4 ) 
Schrader's Pharmacopcta medico-chymica, published in Frank- 
furt-on-thc-Main in 1641, is the first pharmacopoeia that gives 
directions for the distillation of the oil, whereas the municipal 
price ordinance of Frankfurt-on-the-Main of 1587 already enumera- 
tes Oleum ligni sassafras. Friedrich Hoffmann in Halle distilled 
the oil in 1715 and describes it as being colorless and speci- 
fically heavy.' 1 ) In 1738, John Maud, an Englishman, observed 
the formation of large crystals of sassafras camphor. 8 ) Early 
examinations of the oil were made by Muschcnbroeck, by Caspar 
Neumann, 7 ) and by Dehnc. H ) The first thorough investigation 
was made by Grimaux and Ruottc”) in 1869. 

Detailed and definite statements concerning the medicinal 
use of sassafras bark and wood appear to be wanting in American 
literature. This is also true of the early distillation of the oil. 
Aside from the communications by Monardes, De Laet and others, 
one of the first references to these drugs is found in the list 
of drugs mentioned on p. 94 (footnote 7), as having been im- 

’) J. U. l.loyd, Historical study of Sassafras. Pharmac. Era (New York), 

20 (1808), e>08. 

J ) fluckiger, Dokumcnte zur Geschichte der Pharmacie. Halle 1876. 
pp. 30 31. 

■*) fliickiger and Hanbury, Pharmacographia. 1879. p. 537. 

4 ) Sala, Opera physico- medica. Hydrciceo/ogia. Rostock 1639. p. 84. 

ft ) fr. Hoffmannii Observations; physico- chymicae. Observatio /. De 
o/eis destillatis inque eurum destil/atione observanda. pp. 13—14. 

8 ) Philosophical Transactions of the Royal Society. London, H (1809), 243. 

7 ) Caspar Neumann, Chymia medica dogmatico - experimentaiis. 1749. 
Vol. 2, pars 3, p. 248. 

'I Pfaff, System der Materia medica. 1815. Vol. 4, p. 242. 

•) Conipt. rend. 6S (1869), 928. 
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ported from the “Province of Virginia” into England in 1610. 
More than a century later it is again mentioned in the reports 
on his travels made by the Swedish botanist Peter Kalm, who 
in 1748—1749 traveled through the north Atlantic provinces of 
the then English colony as far as Montreal and Quebec, he 
found the sassafras tree widely distributed in Pennsylvania, New 
jersey and New York. 1 * * ) Kalm also mentions that the bark and 
wood are used for flavoring rootbeer and brandy, also universally 
as medicament. In the distillation of brandy, bark and root are 
distilled with the brandy. 4 * * * ) 

With the Indians, sassafras was highly reputed as blood 
purifyer. 8 ) Later the colonists used it in the preparation of 
their domestic remedies. 

It is unknown when the distillation of sassafras oil had its 
beginning, though this was probably at the beginning of the 
19. century. This much at least is true that Joh. David Schoepf, 
an experienced physician and careful observer, who in 1783 
and 1784 traveled through the Atlantic states of the Union alludes 
on several occassions in his reports to the wide distribution of 
the sassafras tree, but apparently has not heard of the distillation 
of sassafras. 1 ) 


OIL OF BAYBERRY. 

In classical antiquity the laurel, tiurus nobilis, L., was 
utilized as symbol of victory and fame*) but found no other use 
than that of a decorative plant. During the middle ages its bark 
and leaves were used medicinally. 

The mixture of fatty and volatile oil, or butter, the oleum 
laurinum obtained by boiling the fruits with water was used 

l ) Peter Kalm, Beschreibung der Reise nach dem ndrdiichen fiord- 
amerika im fahre 1748- 1749, German translation. Gfittingen 1754. Vol. 3, 
p. 355. 

■') Ibidem vol. 2, p, 482. 

*) C. S. Rafinesque, Medicinal Flora or Manual of the Medical Botany 
of the United States of North America, 1830. Vol. 2, p.235. 

<) Johann David Schdpf, Reise durcb die mittlcren und wdlichen Ver- 

einigten nordamerikanischen Staaten, nach Ost- Florida und den Bahama- 

Inseln in den Jahren 1783—1784. Erlangen 1788. Vol. 1, p; 415. 

n ) Hehn, Kulturpflanzen und Haustiere in ihrem Obergang aus Indien 

nach Griechenland und Italien. 3 rd ed. 1877. pp. 196—201. 


9* 
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during antiquity. In the older literature it is enumerated among 
the substances used for anointing and for medicinal purposes, 1 ) 
also among the aromatics. ’) It found a place in the first edition 
of the Dispensatorium Noricum of 1543. 

The volatile oil of the fruits appears to have been used 
formerly for medicinal purposes. At least it is included in the 
price ordinance of Frankfurt of 1582 and in others of a later date. 

OIL OF SPOONWORT. 

During the middle ages spoonwort was regarded as a remedy 
against scurvy. As such it is mentioned in older treatises on 
medicine and distillation. It was pictured in Joh. WierV) treatise 
on scrofula in 1507. The distilled oil of spoonwort seems to have 
been known and to have been used medicinally since the middle of 
the sixteenth century. This use, however, docs not appear to have 
been general, for the oil is not mentioned in any edition of the Dis- 
pcnsatorium Noricum, neither in the Pharmacopwa Augustana 
nor in Schrader's Pharmacopwa mcdico-physica of Frankfurt- 
on-thc-Main. It occurs, however, in the municipal ordinance of 
Frankfurt of 1587. Later it occurs also in inventories of apothecary 
shops of Braunschweig and Dresden of 1640 and 1683 respectiv- 
ely.’) At the beginning of the eighteenth century it was distilled 
by Friedr. Hoffmann in Halle and described by him. 

OIL OF MUSTARD. 

Mustard seed was known during antiquity and was esteemed 
for one reason or another as becomes evident from the symbolic 
references made to it in the New Testament/*) It appears to 

') Dioscorides, De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p. 53. Palladius, De re rustics. 11.7. Editio Nisard. p.554. 

Plinii Naturalis historian libri. Lib. 7. Editio Littre. Vol. 1, p.548. - 
Hildegardis Abbatissac Physica. Editio Migne. Patro/ogix Cursas completes. 
Vol. 197. 15, p. 1228. 

4 ) Douet-d'Arcq, Comptes de I'Argentcrie des rois de Prance au XIV me 
sibcle. 1851. Vol. 1 , p. 207. 

8 ) )oh. Wier (Piscinarius), Medicamm observationum rararum liber. 
Basilia: 1567. pp. 32-34. 

4 ) Tluckiger, Dokumente zur Geschichte der Pbarmacie. 1876. 

') Matth., 13:31. Luke, 13:18 and 19. 
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have been utilized first as spice, 1 ) and later also as external 
remedy. As the latter it is referred to by Theophrastus,*) Dios- 
corides,' 1 ) Pliny, 4 ) Scribonius Largus*) and Alexander Trallianus. 
In the writings of Columella arc found the oldest directions for 
the preparation of table mustard.") About the year 800 mustard 
was cultivated in the neighborhood of Paris. 7 ) Its cultivation 
was directed by Charlemagne in his Capitulare of 812. h ) In 
Spain it was cultivated by the Arabians.”) From here its 
cultivation spread to Germany and France in the 10. century 
and thence to England 1 ") during the 12. century. 

The first statement which indicates a knowledge of the fact 
that mustard oil can be obtained by distillation with water, is 
found in the writings of Porta;") another in the writings of the 
Parisian apothecary Nic. le Febvrc. 1 *) Boerhaavc, however, seems 
to have been the first to prepare the volatile mustard oil in 
1732 and to have called attention to its properties. 11 ') That it 
contains sulphur was observed by Thibicrgc of Paris in 1819. M ) 
hoerhaavc and Murray ,r ') observed the great density of the oil; 

') Mommsen, lierichte der Sachsischen Gesellschaft der Wissenschaften. 
Leipzig Kit, 1—80. 

-) Theophrasti Eresii opera, qu,v supersunt, omnia. Lditio Wimmer. 

1866. p. m 

Dioscoridis c/e materia medica libri quinque in Kuhn-Sprengel. 
Medicorntn gnveorum opera qtne extant 1829. Vol. 1, p. 52, 191 and 295. 

') Plinii Naturalis histonae libri. Lib. 19, p. 54 and Lib. 20, p. 87. 

') Scribonii Largi Compositiones mcdicamcntoruin. Lditio Helinreicli. 
1887. 9, p. 56 

") Columella. 1 1)e re rustics ct de arborihus. Lditio Nisard. 1877. p. 493. 

") Cmerard, Poiyptique de I'ab/k Irminon. Paris 1844, p. 716. 

') Capitulare de vil/is et tort is i mpe rial ibus. Explained by A. Thaer 
in Fuhling’s Landwirtschaftliche Zcitung. Berlin IMS, 241 260. 

”) Dozy, Le Calendrier de Cordue de I'annte 961, Leyde 1873. 

I0 ) Rogers’ History of agriculture and prices in England. 1866. p.223. 
- Pharmaceutical journ. 111. * (1878), 852. 

*') Portae Magiae naturalis libri viginti. Liber de destillatione. Romae 
1608. p. 153. 

,a ) M. le Eebvre, Trait6 de la Qtymie. Paris 1660. Tom. 1. 

1 •'') Boerhaave, Elements chemise, qux anrii versario labore docuit in pub! ids 
privatisque scho/is. Lugduni Batavoruml732. Editio Londini. 1732. Pars 2, p. 38. 

") Journ. de Pharm. •’» (1819), 20, 439 and 446. Trommsdorff’s Neues 
Journ. d. Pharm. 4, II. (1820), 250. 

v ‘) J. A. Murray, Apparatus medicaminum tarn simpUcium quam prae- 
paratorum et compositorum. Gottingen 1794. Vol. 2, p. 399, 
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Jul. Fontenelle determined the specific gravity in 1824, also its 
solubility in water. 1 ) 

Undoubtedly those who prepared mustard oil knew that the 
volatile oil does not preexist in the seed but is produced by 
the action of water. Yet the first to call attention to this fact 
were Glaser-) in 1825, Boutron and Robiquet 11 ) in 1831, and 
independently of these Faurd 4 ) as well as Guibort, 5 ) both in 1831. 
Shortly after (1833), Dumas and Pelouze 6 ) made the first 
elementary analysis of the oil and discovered the thiosinamine, 
which mustard oil forms with ammonia. That mustard oil is 
produced by the action of a ferment was noticed by Boutron 
and Frcmy. 7 ) They isolated myrosin by extracting the seed with 
alcohol and obtained mustard oil by allowing this substance to 
act on the aqueous extract of the seed which had previously 
been extracted with alcohol. Sinigrin or myronate of potassium, 
was first prepared by Bussy. s ) he termed the underlying acid 
acide myronique and with Robiquet”) determined its physical 
constants and its behavior toward reagents. The knowledge of 
the chemical composition of the oil was advanced materially by 
Will'") and simultaneously by Wertheim 11 ) who regarded the 
mustard oil as allyl sulphocyanate. 

Ludwig and Lange'-) confirmed the existence of sinigrin and 
its decomposition by ferment action into mustard oil, sugar and 
potassium acid sulphate. This reaction was made more clear 
by the detailed studies of Will and Koerner.™) 

*) Journ. de Chim. medicate 1 (1825), 130. — Trommsdorffs Neues Journ. 
dcr Pharm. 1ft, II. (1827), 210. 

*) Repert. f. d. Pharm. I. 22 (1825), 102. 

a ) journ de Pharm. II. 17 (1831), 294. Geiger’s Magazin f. Pharm. und 
fcxper. Kritik 86 (1831), 64 and 67. 

‘) Journ. de Pharm. II. 17 (1831), 299 and 21 (1835), 464. 

R > Ibidem 17 (1831), 360. 

*) Ann.de Chim. et Phys. 11.68(1833)181. - Liebig’s Annalen 10 (1834), 324. 

7 ) Journ. de Pharm. II. 20 (1840), 48 and 112. Liebig's Annalen 84 
(1840), 230. 

") Journ. de Pharm. II. 20 (1840), 39. - Liebig’s Annalen 84 (1840), 223. 

’) Journ. de Pharm. II. 20 (1840), 110. 

'*) Liebig’s Annalen ft2 (1844), 1. 

lt ) ibidem ft2 (1844), 54. 

, ’ 1 ) Zcitschr. f. Chemie und Pharm. 8 (1860), 430, 577. 

l *) Liebig’s Annalen 126 (1863), 257. 
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Artificial mustard oil had been prepared by the action of 
allyl iodide on potassium sulphocyanate by Zinin 1 ) and by 
Berthelot and de Luca. 9 ) The natural oil was therefore regarded 
as an ester of thiocyanic acid. Oeser, 8 ) however, showed that allyl 
thiocyanate and natural mustard oil possess different properties. 

The true constitution of mustard oil as the ester of the iso- 
thiocyanic acid was recognized by Billeter 4 ) also by Gerlich.") 
They showed that by the interaction of allyl iodide and potassium 
sulphocyanate, allyl sulphocyanate is first formed and that upon 
heating this is converted into its isomer, the allyl /sosulphocyanate. 

As an explanation of this form of isomerism, A. W. Hofmann") 
had suggested that in the true thiocyanates the carbon is directly 
united with the sulphur, but in the /socompounds with the nitrogen. 

Inasmuch as the possibility was not excluded that by the 
ferment action on sinigrin allyl sulphocyanate may first by formed, 
E. Schmidt 7 ) allowed this action to take place at low temperature. 
He ascertained that even at 0 allyl /sosulphocyanate is formed 
and only traces of the normal isomer. 

The last uncertainty in connection with the hydrolysis of 
sinigrin was removed by Gadamcr. H ) He showed that the formula 
of sinigrin is C 1 , ) H 1(i rSS,KO ll and not C 10 H, h NS,,KO 10 as was 
supposed by Will and Kcerner, also that the hydrolysis takes 
place by the addition of the elements of one molecule of water. 

OIL OF STORAX. 

Storax was known as a spice during antiquity and as such 
is mentioned by Herodotus, 9 ) Theophrastus 10 ) and Dioscorides. 11 ) 

*) Journ. f. prakt. Chem. 04 (1855), 504. Liebig’s Annalen (1855), 128. 

*) Compt. rend. 41 (1855), 21. 

8 ) Liebig’s Annalen 184 (1865), 7. 

4 ) Berl. Berichte 8 (1875), 464 and 820. 

5 ) Ibidem 650. - Liebig’s Annalen 178 (1875), 89. 

A ) Berl. Berichte 1 (1868), 28. 

7 ) Ibidem 10 (1877), 187. 

*) Arch, der Pharm. (1897), 44. 

") Herodoti Historian! m Iibri. Lib. 3, 97 and 107. 

,0 ) Hehn, Kulturpflanzcn und Haustbiere in ihrem Uebergang aus Asien 
nach Griechenland und Itaiien . Berlin 1877. p. 370. 

ll ) Dioscoridis De materia medica Iibri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p.82; II, p.375. 



136 


Historical introduction. 


In mediaeval literature storax from several sources is mentioned. 
At times it was used medicinally. 

The volatile oil of storax was distilled by Walter Ryff 1 ) and 
Conrad Gesner. 2 ) Storax moistened with aqua vita? (spirits) 
was distilled by Porta. !! ) 

OIL OF AMERICAN STORAX. 

Among the drugs from the new world, which received con- 
sideration in Europe after the discovery of America, there was 
an aromatic balsam derived from a tree named Ocosotl which 
was found in Mexico and Central America. In nearly all of its 
properties this balsam resembled the Levante storax (Sty rax 
Hquidus) which had been known since antiquity. As in the 
case of the other American balsams (tolu, Peru, copaiba etc.) 
little was known about the botanical source and mode of pro- 
duction of this balsam. As a result balsams of different origin 
were frequently confounded. 

The best descriptions of American storax are found in the 
1b. century treatises of Monardcs, 1 ) Garcia da Orta ' 1 ) and Petrus 
Andr. Matthiolus.*) 

') Gualtherius Ryff, New gross Destillirbuch. 155b. fol. 17b. 

*) fiuonymi Philiatri tin kOst/icber tbeurer Schatr. 1555. Vol. 1, p. 17b. 

') tiiov. Battista; Porta 1 Magix natural is lihri viginti. 15b3. Liber de 
i/csti i/it done, p. 378. 

l ) Monardcs, Historic medicinal de las evsas que se traen de nuestras 
Indias occidcntales qui sinen en medicina. Sevilla 1574. pp. 121 - 123. 
/ ditto latina Caroli Clusii. Antverpia- 153d. p. 44. 

h ) Garcias ah Horto, Aromatum ct simplicium aliquot medicamentorum 
apud Indus nascentium bistoria. Deinde latino sermone in epitomen con- 
tractu . . . locupletioribus ah annotatiunculis i/lustrata a Carolo Clnsio Atro- 
bate. Quarta tditio, castigator ct aliquot focis auctiot, Justus Bertramus. 
Antverpia 1 1593. - Advebitur Hispalim, totius, non dicam Bxtiae, sed etiam 
Hispanix celcberrimum emporium, olei quoddam genus ex America, subrusi 
colons, cuf’us rnirabiles predicant etfectus in omnibus uteri morbis. Id 
oleum de Liquidarnbar nuncupant, cjus sane odoris fere, qui Styracis odorem 
xmuletur. Id \ era e\ eo liquore exprimitur, quern de Ocosotl arbore destillare 
Mexican* bistoria trad it in hutic modum : Inter arbores Mexicanas memoratur 
ct Ocosotl arbor prxgrandis et venusta, fo/iis hederx simiUbus. Hu jus 
liquor quern Liquidarnbar nuncupant, vu/nera curat, atque cum corticis ipsius 
polhm perrnixtus, e/egans odoratumque suffimentum prxbct. 

") Petri Andrea; Matthioli Opera qux extant omnia. Veneti 1554. 
German edition. 1598. Lib. 1, fol. 90. "Zu den Styraxarten gehdrt auch ein 
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The first chemical investigation of American storax was 
carried out by Bonastre. 1 ) Upon distillation of a relatively fresh 
balsam he obtained the high yield of 7 p. c. oil. Further investi- 
gations were made toward the end of the fifties by Wm. Procter, 8 ) 
and in 1874 by W. L. Harrison. 8 ) 

OIL OF ROSE. 

Since the earliest periods the charm and fragrance of the 
rose have led to its appreciation and use. This is shown by the 
entire older literature, and of all the flower perfumes that from 
the rose has always received preference. In Chinese and Sanskrit 
writings the fragrance of the rose is much praised. Fats and 
oils saturated with the rose perfume have been used since earliest 
antiquity in perfumery and religious cults. 4 ) Thus Aphrodite 
anointed the dead body of Hector with rose oil. 4 ) The Greeks 
and Romans celebrated annually a rose festival, at which the 
graves of the dead were decorated with roses and their tombstones 
were anointed with rose oil. 8 ) Of the various flower cults that 
of the roses has been the most eminent since antiquity. 7 ) 

urn JSen-Spanien und Westindien kommendes Bussigcs Harz, welches bei 
Linschmttcn aus der Rinde gro&cr BSumv mit epheuartigen B Bittern aus- 
flicBt Diese Ban me heilien "Ocosotr. Die f'.ingeburcnen kauen die Rinde 
mit dem exsudierten Harz e. Dieselhv ist angenehm wohlriechend und gibt 
beim Ausprcssen cin dickes, ebenso riechendes ()!, Oleum liqnidambar." 

l ) Journ. dc Pharm. II. 18 (1830), 88; Ibidem II. 17 (18111), 3,18. Tromms- 
dorff’s Neues Journ. de Pharm. L>1, II. (1&30), 242 and 24, II. (1832), 236. 

3 ) Americ. Journ. Pharm. 211 (1857), 261 ; Ibidem AS (1866), 33. Proceed. 
Americ. pharm. Ass. \% (1865), 160. 

3 ) Americ. |ourn. Pharm. 48 (1874), 161 165. - Arch, der Pharm. 208 
(1875), 541. 

') Apparently the rose was not cultivated in Palestine, it is mentioned 
only a few times in the Bible. The "rose of Jericho," which is repeatedly 
mentioned, is the cruciferous Anastatica hierochuntica, L., a small plant 
growing in the desert which, upon drying, rolls up like a ball (Wisdom of 
Solomon, 2: 8.’ Song of Solomon, 2: 1. — Jesus Sirach, 24: 18; 50: 8. - 
Acts, 2: 8.) 

ft ) Homeri Bias, chap. 23, V. 186. 

*) Friedlander, Sittengeschichte der rOmischen Kaiserzeit, 5 th ed. 1881. 
p. 254. 

7 ) Ferd. Cohn, Die Pflanze. Breslau 1882. pp. 326 335. - Fluckiger 
Pharm. Rundschau (New York) 12 (1894), 43, 91. 
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The earliest description of the method of preparation of the 
oil of rose of the ancients is found in the writings of Dioscorides. 1 ) 
It was an aromatised fatty oil as were the majority of the rose 
oils of the middle ages, such as Oleum rosarum, 0. rosatum 
or 0. rosaceum, etc. 

Aside from apocryphal Persia;! and other oriental traditions, 
the earliest definite directions for the preparation of roses and 
the use of the distillate are found in the writings of the Arabian 
historian Ibn Chaldun. He mentions that during the eighth and 
ninth centuries rose water was an important article of commerce, 
being carried as far as China and India. 2 ) In a codex of cere- 
monies of 946 by the East Roman emperor Constantine VII., 
Persian rosewater is mentioned as a toilet water. 3 ) At the be- 
ginning of the 10. century, Monus Thcophancs, 4 ) the physician 
to emperor Michael VIII., recommended and used rose water as 
a medicament. Avcnzoar, 5 ) the physician to the calif Ebn Attafir 
of Morocco, who lived at the beginning of the 12. century; also 
his contemporaries joannes Actuarius,") a physician of Constan- 
tinople, used rose water as an ophthalmic, and rose sugar as 
an internal remedy. 

During this period, Persia seems to have supplied most 
of the rose water. During the fourteenth century it was also 
exported from Mesopotamia. 7 ) After the prime of the levant 
commerce, the Portuguese and Dutch were the principal car- 
riers of goods between Aden, the ports of the Persian bay, 
India and the Occident. Rose water constituted one of their 

) See p. 38 Dioscoridis De materia medica libri quinque. Editio 
Kuhn-Sprengel. 1829. Vol. 1, pp. 56 and 123; Vol. 2, pp. 399 404. 

*) Notices et extraits des manuscrits de la bib/iothbque imptriale k Paris. 
Tom. 19 (1862), p. 364. — lstachri, Das Buch der Linder. Editio Mordmann. 
Hamburg 1754. p. 73. 

■') Constantinus Porphyrogenitus, De ceremonibus antiquis byzant. Editio 
Reiske. Lipsiae 1751. Lib. II. cap. 15, p. 338. 

4 ) Nonus Theophanes. Editio Bernardi. Prafatio ad Synesium: de 
febribus, Amstelodami 1749. Cap. 28, p. 112. 

') See p. 24. 

“) Actuarius, De medicamentorum compositione. Joanne Ruellio inter- 
prete. Basiliac 1540. pp. 18, 19, 22, 31. 

5 ) Vo.va^e d’lbn Batontah. 1854. Tom. 2, p. 140. Traduite par De- 
fremery. 
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principal articles of merchandise. 1 ) During the 10. century 
the distillation of roses ‘was introduced into Spain by the 
Arabs. 9 ) 

Throughout the middle ages, the distillation of rose water 
seems to have been an important industry of Persia. Unless 
strongly alcoholic wine was used in the process, 8 ) one would 
expect that in the distillation of large amounts of rose water 4 ) 
the separation of oil of rose at low temperatures in the form 
of a butyraceous mass had been noticed at an early date and 
probably used to perfume fats and fatty oils. 

The first statement concerning rose oil, which possibly 
refers to the distilled oil, is found in the writings of Mesue, R ) 
and in the almanac of Harib for the year 961, which mentions 
the time suitable for the preparation of rose water and a 
rose preserve. 8 ) In his Compendium aromatariorum written 
about the middle of the fifteenth century, Saladin of Asculi, 7 ) 
the body physician of a prince of Tarcntum, describes the 
distillation of roses for the preparation of rose water and 
rose oil. 

According to a statement by Langles,*) distilled rose oil is 
twice definitely mentioned in Mohammed Achcm's history of the 
great moguls of 1525 to 1667; also in the annals of the Mongolian 
empire written by Manucci, 8 ) a Venetian physician who lived 
40 years in India. 

’) Carl Ritter, Erdkundt von Westasien. Vol. 8, p. 745 and Vol. 9, 

p. 1010. 

*) Calendrier rural d’Harib in Duran de la Malle, Climato/ogic compare. 
Paris 1849. p. 65. — Dozy, Le Calendrier de Cordoue de I'annte 961. 
Leyden 1873. 

3 ) The above supposition is not supported by specific statements in 
literature. However, it seems reasonable since Persian rose water could be 
shipped without detriment to its quality to distant lands with tropical climate 
such as India, China and Egypt 

') See p. 64. 

A ) See P- 24 - 

«) Dozy, le Calendrier de Cordoue de I'annie 961. Leyden 1873. 

7 ) Saladini Asculani Compendium aromatariorum. Venetii 1488. fol. 349. 

') L Langles, Recherches sur la dtcouverte de ^essence de roses. 
Paris 1804. 

») Manucci, Histoire gtntrale de r Empire Monghol depuis sa formation 
jusqu'k present. Traduite par Catron 2. edit pp. 326- 327, 
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Unquestioned mention of the butyraceous oil of rose is made 
in 1574 by Hieronymus Rubeus, 1 ) body physician to Pope Cle- 
mens III.; also in the writings of Porta' 2 ) of the year 1563 and 
again in 1604. 

In the apothecary ordinances of Worms of 1582 and of Frank- 
furt-on-the-Main of 1587 Oleum rosarum verum is mentioned 
in the list of distilled oils. 11 ) About the same time Angclus Sala 4 ) 
describes the distillation of rose oil and characterizes it as 
candiscente pinguidine, instar spermatis ceti. In his Pharma- 
copoeia of 1641, |. C. Schroder*) enumerates the oil under the 
Olea destillata usitatoria. 

Up to the 17. century and beyond Persia seems to have 
supplied the market with rose water and rose oil.’') In the course 
of the century, however, the cultivation of the rose and the oil 
industry spread to India, 7 ) also westward, in its southerly course 
to Arabia, Tunis, Algiers, and Morocco and in its more northerly 

') Hieronymi Hubei De dost i Undone libor, in quo sdl/addorum liquo- 
rum, qui ad meditiimm faci until r, mvthodus ac vires explicantur. Ravenna* 
11)82. Sect. 2. Cap. lb, p. 102 and cap. 5, p. 132. 

’) Porta: Hugh e natuialis libri vigind. Do dost i lint iorio Libri. Roma: 
1563. Liber XX. Omnium diffnillime e\t ruction is vst rosarum ofcuni atqiie 
m minima quantitate, sod stiaviss/mi odous. 

•‘I Fliickiger, Dokumentc /nr (ieschichte dor Pharmacie. Halle 187b. 
pp. 37- 41, 45, 47, 48, 4*), b5. 

') Angelus Sala, Opera medico -city mica, qua: extant omnia Franco* 
furti lb47. p. 63, 79. 

r ‘) J. C. Schroder, Pbarmucopiva medico- physica. Ulm 1649. IJb. II. 
Cap. 70, p 241. 

") Chardin, Voyages en Perse Amsterdam 1711.. Vol. Ill, p. 178 and 
349 . Kainpfer, Amivnitatum exoticarum po/idui-physico medicamm fasci- 
culi quinque, quihus continentur vari.e refationes, obser\ adones et descrip- 
tioncs rerum Persicarum et ulterior/s As7a\ multa attendone, in peregrina- 
tion ihus per universum Oiientem, collects: ab aucture. Lemgovi# 1712. 
p. 373. - Olivier, Voyage dans !' Empire Othoman etc. Paris 1807. Tom. 5, 
p. 3b7. 

Concerning the production of rose oil in India there are two reports 
written in 1782 by European scientists who lived at that time in Calcutta: 
the one under the title of "Asiatic Researches” in the Transactions of the 
Society instituted in Bengal etc., Calcutta 1788, vol. I, paper 17; the other 
by Don Monro in the Transactions of the Society of Edinburg, vol. 2, Physical 
section. An abstract of the latter may be found in Tromsdorff’s Journ. der 
Pharm. 1, 11. 11794), 195. 
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course to Asia Minor, Turkey and Bulgaria. 1 ) On the island of 
Chios also considerable rose oil was distilled at the beginning 
of the past century, which entered commerce via Smyrna. 1 *) 

The cultivation of roses in Bulgaria, which became of such 
importance in later years, was begun about the beginning of the 
17. century. It seems to coincide approximately with the founding 
of fazanlyk, a city on the southern slope of the Balkan mountains 
in East Roumelia. 3 ) It was not until the 19. century, however, 
that the rose industry of Bulgaria became a dangerous competitor 
of the Persian rose distillation. In recent years Bulgaria, in 
turn, has found successful competitors in Germany and France. 

Since the 14. century, rose water and with it small quantities 
of rose oil, have been distilled for popular and medicinal use, 
also for perfumery, in the north European countries, especially 
in France, Germany and England. The amount of congealing 
oil obtained, however, was so small that rose oil was mostly 
bought from the orient and later from the Balkan states. The 
cultivation of roses for the purpose of distilling rose oil on a 
large scale was begun in France about the middle of this century, 
in Germany in 1883. 4 ) 

The high price of rose oil and the ease with which it can 
be adulterated seems to have brought about adulteration in Persia 
in the course of the 17. century. Engelbert Kampfcr A ) from 
Lcmgo, who traveled in Persia in the years 1682 to 1684, mentions 
that rasped sandalwood is added for the sake of improvement 
to the roses in the process of distillation. This observation 
was verified in 1787 by Archibald Keir fl ) in Chatra in the Ramgur, 
whereas Policr) observed in Cashmere during the same year 


*) Forbes Watson, Catalogue of the Indian Department. Vienna Ex- 
hibition 1873, p. 94. - Douglas, Pharmaceutical |oum. III. 8 (1878), 811. 
h. v. Schlagintweit in Buchner’s Meues Repert. d. Pharm. 24 (1875), 129—143. 
*) Olivier, Voyage dans l' Empire Ottoman etc. Paris 1807. Tom. 5, p. 367. 
9 ) Kanitz, Donau-Bulgarien. Leipzig 1877—1879. Vol, 2, p. Ill, 

4 ) Fluckiger, Pharm. Rundschau (Mew York) 12 (1894), 92. 
ft ) Engelbert Kdmpfer, Amcenitatum exoticarum fasciculi etc. Lemgo* 
via 1712. p. 373. 

") Archibald Keir, “Asiatic Researches" in Transactions of the Society 
instituted in Bengal, for inquiring into the history and antiquites, the arts, 
sciences and literature of Asia. Calcutta 1788. Vol. 1, p. 309. 

7 ) Ibidem Vol. 1, p. 332. 
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that in this country not sandalwood, but the fragrant Indian grass 
(Andropogon) is added to the roses for distillation. 

Aside from its similar use during antiquity, 1 ) the utilization 
of Andropogon Schaenanthus, L. for the purpose of adulteration 
of rose distillates, dates back more than a century. As a more 
convenient adulterant, palmarosa oil is more recently used in 
place of the grass from which it is distilled in India. 

At an early period oil of rose was used as a perfume and, 
filled in fancy flasks, became a much sought for article in the 
bazaars of Constantinople, Smyrna, the levant and the entire 
orient. The demand being greater than the supply, both, manu- 
facturers as well as dealers, early learned to increase the supply 
in a manner profitable to themselves. The former added palmarosa 
oil to the roses in the process of distillation, the latter still further 
. diluted it with indifferent oils and spermaceti, the latter being 
necessary to maintain the proper congealing point. 


OIL OF BITTER ALMONDS. 

Almonds were known during antiquity. They are mentioned 
several times in the Old Testament, 2 ) also by Egyptian and by 
later Greek and Roman authors. Of the latter Theophrastus, 3 ) 
Dioscoridcs, 4 ) Scribonius Largus/) Pliny/) Palladius, 7 ) Celsus/) 
Alexander Trallianus/) Platearius 10 ) and others distinguished the 

') Sec p. 38. 

0 Genesis,' 43: 11. — Numbers, 17:8. — Ecclesiastes, 12:5. — Rosen- 
muller, Mandbuch der biblischen A/tertumskunde. Leipzig 1831. Vol.4, p.263. 
a ) Theophrasti Historic plantarum. Lib. 1, cap. 11, 18. 

*) Dioscoridis De materia medica libri quinque. Editio Kuhn-Sprengel. 
Vol. 1, p. 155. 

*) Scribonii Largi Compositinnes medicamentorum. Editio Helmreich. 
1887. p. 8. 

rt ) Plinii Matura/ia historic libri. Lib. XVI, cap. 22; lib. XXXIII, cap. 75. 
Editio LittnL Vol. 2, p. 127. 

7 ) Palladii De re rustica, in Nisards Les agrvnomes latins. Paris 
1877. p. 552. 

N ) Celsi De medicirta libri VIII. Editio Vedrfcnes. Trait# de mtdecine. 
de A. C. Celse. Paris 1876. p. 274. 

“) Alexandri Tralliani Medici libri XII. Editio Puschmann. Wien 1878. 
Vol. 2, p. 445. 

Platearii Liber de simplice medicina. “ Circa instana." Editio Choulant. 
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bitter almond from the sweet. During the middle ages, both kinds 
of almonds were in use. 

Bitter almond oil is first mentioned in the writings of Sala- 
din J ) in 1488 and those of Sancto Amando 5 ) in the 16. century. 
The distillates from bitter almonds and of other Prunoidex, seem 
to have received but little attention during the period of general 
use of distilled waters. It is also uncertain whether the poiso- 
nous character of bitter almond oil was generally known. Even 
Scheele, l * 3 ) when he discovered hydrocyanic acid in 1782 does 
not seem to have fully realized its poisonous properties. He 
did not even recognize the similarity in odor between this 
acid and the distillates from the bitter almond and the cherry 
laurel. 

It was not until the eighties of the 18. century that bitter 
almond oil again received more attention. In spite of earlier 
observations, 4 ) it was not regarded decidedly poisonous until 
so pronounced in 1784 by )oh. Andr. Murray*) of Goettingen. 
Following him, other contemporaries made the same state- 
ment.") 

The hydrocyanic acid content of bitter almond oil was first 
suspected in 1785 by the Erfurt apothecary joh. Christ. Wil- 

l ) Saladini Compendium aromatariorum. Bonon® 1488. Index. 

■) Expositio joannis de Sancto Amando supra Antidotarium Nicolai 
incipit feliciter. In the edition with Mesue's works. Veneti 1502. fol. 228, 
and Additiones fol. 85—87. 

") Carl W. Scheele’s Physische und chemische Werke. Translation by 
Hermst®dt. Vol. 2, p. 331. — Fiuckiger, Arch, der Pharm. 224 (1886), 388. 
— Pharm. Rundschau (New York), 4 (1886), 211. 

4 ) According to the statement made by A. Wynter Blyth in his treatise 
on "Poisons”, London 1895, the poisonous character of the peach and almond 
kernels was known to the Egyptians. — Mortimer in Philosophical Transactions 
(London) 87 (1731), 84 and 166. — Vater, Oissertatio de laurocerasi indole 
venenata . Wittenberg® 1737. — Langrish, Experiences de mbdecine sur 
des animaux. Paris 1750. — Fontane, Trait 6 sur le venin de la vipbre, le 
laurier cerise etc. Fiorenze 1781 and Philosophical Transactions (London) 
70 (1781), I. 210. 

h ) J. A. Murray, Apparatus medicaminum tam simplicium quam prat- 
paratorum et compositorum in praxeos adjumentum consideratus. Gdttingen 
1784. Vol. 3, p.215, 220 and 259. 

") Heyer, Crell’s Chem. Annalen, BeitrSge 1 (1793), 414, 415. — Gilbert’s 
Annal. der Physik. Neue Folge 28, 220. 
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helm Reinder 1 ) and in 1797 by Lucas' 1 ) of Armstadt. Its presence, 
however, was not proven until 1803 when Bohm, a ) apothecary in 
Berlin, identified it. From that time on, bitter almond oil and its 
hydrocyanic acid content became the subjects of numerous in- 
vestigations. Of these the reports of Schaub, 4 ) Schrader*) and 
Ittner") advanced our knowledge, but a clear understanding of 
the formation and composition of the oil was gained only through 
those of Gay-Lussac, 7 ) Robiquet and Vogel, s ) Boutron-Charland*) 
and finally those of Liebig and Woehlcr, 10 ) and C. Winkler. 11 ) 

The separation of the hydrocyanic acid from the benzaldehydc 
was first accomplished by Vogel in 1822 by treating the oil with 
baryta water. Liebig and Wcchler' 1 -) introduced the method still 
in use involving ferrous sulphate, ferric chloride and milk of lime, 
which yielded pure benzaldehydc. Bcrtagnini 1 *) proposed sodium 
acid sulphite. 

The separation of benzoic acid from bitter almond oil which 
has been exposed to the air was observed as early as 1823 by 
Stangc") in Begau. 

M CrcIPs Chern. Annalcn 1785, II. 443. — Gottling's Aimanach furScheide- 
kunstlcr und Apotheker s (1787), 136. 

*) Ibidvm IS (1797), 101. 

!t ) Scherer's Allgcm. )ourn. der Chem. 10 (1803), 126. Gilbert’s Annal. 
der Physik IS (1803), 503. 

4 ) Schaub, Dissertatio medico-chymica sistens Laurocerasi qualitates 
medians ac venenatas etc. Marpurgi 1802. 

ft ) Trommsdorff’s |ourn. der Pharm. II, I. (1803), 259 and 262. 

rt ) Oder das Vorkomrnen der lilausSure im Oh der bittern Mandeln. 
Schweigger’s Journ. f. Chem. u. Phys. 24 , 395. - F. v. Ittner, Bcitr&ge zur 
Geschichte der BiausSure, mit Versudwn uber ibre Verbindungen und 
Wirkungen auf den tieriseben Organismus. Freiburg and Constanz 1809. 

7 ) Poggendorff's Annal. der Phys. tSeue fo/ge 221 (1831), 1 and 138. - 
Schweigger’s Journ. f. Chem. u. Phys. 10 (1831), 1. 

s ) Journ. de Pharm. II. 8 (1822), 293. - Annal. de Chim. et Phys. 15 
(1810), 29 and 21 (1822), 250. — Trommsdorff’s Meues Journ. der Pharm. 7, I. 
(1823), 217. 

M ) Annal. de Chim. et Phys. 44 (1837), 352. — Liebig’s Annalen 25 
(1838), 175. 

*“) Liebig’s Annalen 22 (1837), 1. 

,l ) Repert. f. d. Pharm. II. 17 (1839), 156. - Pharm. Zentralbl. 1838, 634. 

w ) Liebig’s Annalen 8 (1832), 252. 

”) ibidem 85 (1853), 183. 

“) Repert. f. d. Pharm. I. 14 (1823), 329, 361 and 16 (1824), 80. 
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OIL OF CHERRY-LAUREL. 

Cherry-laurel ( Prunus laurocerasus, L.), appears to have 
become known in Europe toward the beginning of the 16. century. 
The aqueous distillate from the leaves has been used medicinally 
since the first half of the 18. century and its poisonous properties 
were repeatedly observed. 1 ) The distilled oil is included in 
pharmacopoeias since 1780. 2 ) The precence of hydrocyanic acid 
in the oil was observed simultaneously by Schaub 8 ) and by 
Schrader 4 ) at the beginning of 19. century. 


OIL OF ROSE GERANIUM. 

The pelargoniums which are indigenous to South Africa 
and which are now largely cultivated as decorative plants were 
introduced into Europe in 1690. ft ) Recluz B ) of Lyon in 1819 first 
obtained a volatile oil 7 ) from the leaves. However, Demarson 
of Paris, in 1847 was the first to cultivate pelargoniums for the 
distillation of the oil. Since then their cultivation throughout 
France has been largely extended and was introduced into Algiers 
by Chiris and Monk. 

In Spain pelargoniums were cultivated in the vicinity of 
Valencia by Robillard. Later they were also cultivated in the 
province of Almeria. 

The island of Reunion has entered upon the cultivation of 
these plants since the eighties of the past century. Of much 
less importance are the plantations in Corsica. 

') Philosoph. Transact. (London) 87 (1731—1732), 84. - Abr. Vater, 
Dissertatio de Laurocerasi indole venenata. Wittcnbergas 1737. -* Bergius, 
Materia medica. Stockholm 1778, p. 401. 

2 ) J. A. Murray, Apparatus medicaminum tarn simplicium quam prs- 
paratorum et compositorum etc. Gottingen 1784. Vol. 3, p. 213. 

8 ) D. Schaub, Dissertatio medico-chymica, sistens Laurocerasi qualb 
fates medicas ac venenatas etc. Marpurgi 1802. 

4 ) Trommsdorff’s Journ. der Pharm. 11, I (1803), 259 and 262. 

ft ) Piesse, The Art of Perfumery. IV. Edition, London 1879, p. 124. 

*) Pharmaceutical Journal I. 11 (1852), 325. 

T ) This oil is not to be confounded with the so called Indian geranium 
oil, the palmarosa oil from Andropogon Schoenanthus , L. 

Gildemeister, The volatile oils. 
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OIL OF RUE. 

Rue is mentioned in the Bible. ') As medicinal plant useful 
in the treatment of diseases of the eye, it is mentioned by Dios- 
corides,*) Pliny, Columella") and Ovid. 4 ) For like purposes the 
plant was used during the middle ages/ 1 ) 

The first mention of oil of rue (although possibly of the fatty 
oil) is found in Saladin’s writings.") Gesncr) distilled the oil about 
the middle of the 16. century. It is mentioned in the price ordinances 
of the cities of Berlin for the year 1574 and of Frankfurt for the 
year 1582, and in the Dispcnsatorium Noricum of the year 1589. 

The yield of volatile oil from rue was first determined by 
Cartheuscr*) in the beginning of the 18. century. The oil was 
investigated by Caspar Neumann 11 ) and by G. S. P. Mahl 1 ' 1 ) in 
Rostock in the year 1811, by Will' 1 ) in the year 1840, by Cahours 12 ) 
in 1845, by Gerhard ,:1 ) in 1848, by C. G. Williams 14 ) in 1858, by 
W. Hallwachs ,h ) in 1859, by C. Flarbordt 1 ") in 1862, by Giesccke 1 ’) 
in 1870, and by E. von Gorup-Besanez and Grimm ls ) in 1871. 

') St. Luke, 11: 42. 

) Dioscoridis Dc materia medial libri quinque. Lib. Ill, cap. 45 and 52. - 
Kditio Kuhn-Sprengel. 1829. Vol.1, p. 391. 

') Columella', lie re rustic a ct dc nrbonbus. Lib. XII, 7. 

4 ) Ovidii Hemcdia amons. 

h ) Pfeiffer, Zwei dcutschc Ar/neibiicher aus d. !2. u. 13. Juhrh. Sitzungs- 
berichte d. kais. Akad. dvr Wissensch. in Wien 42 (I8h3), 137 and 142. (Haeser, 
(Jeschicbte d. Medizin. 1 875. Vol. I , p. fcttf.) - Milton’s Paradise Lost. XI. line 41 4: 
“ then purg’d with Euphrasy and Hue 
The visual nerve, for he had much to see.” 

") Saladini Compendium aronmtariorum. Bonona.* 1488. Index. 

*) Euonymi Philiatri hn kOstlkher SchaU. 1555. Fol. 22b. 

R ). Joh. Lriedr. Cartheuser, lundamenta materue mcdicae. Francof. ad 
Viadr. 1738. Vol. 2, p. 129. 

H ) Casp. Neumann's Medic. Cliemie. Cd. C. H. Kessel 1749. Vol. 2, p.292. 

,0 ) Trommsdorff's Journ. der Pharm. 20, II. (1811), 29. 

“) Liebig’s Annalen 83 (1840), 235. 

**) Tfkse prdscntfe it la Faculty des sciences le 15. janv. 1845. Compt 
rend. 2« (1848), 2h2. 

Liebig’s Annalen 87 (1848), 242. 

ll ) Ibidem 107 (1858), 374. 

,% ) Ibidem 118 (I8b0), 107. 

‘") Ibidem 128 (I8b2), 293. 

*') Zeitschr, fur Chemie 18 (1870), 428. 

,s ) Liebig's Annalen 137 (1871), 275. 
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OIL OF BUCHU LEAVES. 

Buchu leaves indigenous to southern Africa appear to have 
long been used for medicinal purposes. In 1820 they were in- 
troduced into European commerce, 1 ) having been brought from 
Cape Town to London. Since the later twenties of the past 
century they have been included in most pharmacopoeias. 

The volatile oil was first prepared by R, Brandes 2 ) in 1827. 

THE OILS OF THE AGRUMEN FRUITS. 

The genus Citrus, belonging to the subfamily Aurantiex 
of the Rutacere, is indigenous to Central Asia. The large number 
of varieties of the citrus fruits, known by the collective term of 
agrumcn fruits, is indicative of a very long period of cultivation. 
The citrus tree, having spread from southern China to Cochin- 
china and India, 2 ) became known to occidental peoples through 
the wars of Alexander the Great. Gradually its cultivation spread 
over Persia and Media to the westward. 4 ) Later, the Romans, 
and more particularly the Arabians, contributed to the spread 
of the citrus tree along the coast of the Mediterranean as far 
as Spain and Morocco. In the course of the crusades the tree 
and its fruit were spread among the peoples living to the north 
of the Mediterranean countries. Thus citrus culture has been 
spread over all countries with a warm or temperate climate so 
that at present the citrus tree is among the most cosmopolitan 
of all cultivated plants. 

Whether the number of citrus species was limited during 
antiquity and whether the numerous varieties were gradually 

') R. Reece, Monthly Gazette of Health. London. Febr. 1H21, p. 799. 

-) Arch, der Pharm. ti (1827), 229. 

’) Bretschneider, On the study and value of Chinese botanical works 
with notes on the history of plants and geographical botany from Chinese 
sources. Foochow 1870, pp. 11 and 12. - E. Bonavia, The cultivated Oranges 
and Lemons of India and Ceyion with researches into their origin and the 
derivation of their names etc. London 1890. 

4 ) Brandis, Forest Flora of Northwestern and Central India. 1874, p. 50. — 
Hehn, Die Ku/turpflanzen und Haustierc in ihrem Ohergang aus Asien nach 
Griccheniand und Italicn. Berlin. 3 rd ed. 1877. — Alphonse de Candolle, 
Origin of cultivated plants. 1885. p. 176. 
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developed with changed conditions in soil, climate and method 
of cultivation, does not become apparent from literature. The 
several names of the agrumen fruits appear to have passed 
from the Sanskrit to the languages of later peoples of antiquity. 
Thus the Greeks and Romans knew the lemon but not the orange, 
bergamot and lunette, 1 ) The lemon they named Malum persicum, 
Malum citratum or citrcum. The supposition that the odor of 
the lemon, like that of the juniper and of the cedar (**%><,■) of 
the Greek forests, kept away insects, caused the Greeks to apply 
this name to the "Persian” or "Median” apple, calling it Malum 
ccdrcum, Malum citrcum. Nencc developed the names Citrus, 
Citrus mcdica and Citrus pcrsica.-) 

During the period from the 8. to the 10. centuries, the Arabians 
spread the cultivation of the bitter orange (Citrus Bigaradia, 
Risso) and of the lemon (Citrus Limonum, Risso) from Oman 
and Mesopotamia to Syria and Arabia. Thence the cultivation 
of these trees spread during the crusades along the coast of the 
Mediterranean to Spain and Morocco. ') In Sicily the tree was 
cultivated as early as 1002. 1 ) 

The writings of the 12. to the 14. centuries frequently reveal 
the gradual spread of the agrumen fruits and the esteem in which 
they were held. Idrisi/’) an Arabian geographer of the 12. century 
describes the lemon, in his travalogues of the African coast 
lands of the Mediterranean, but apparently did not find other 

') Stribonius I-argus, Compositiones mcdicamentorum. Editio Hclrn- 
reich. 1887. p. 85. Oribasius, Medicinalis collects. Lib. I, cap. 64. 
Palladii be re rustics. In Nisard's Les agronomes 1st ins. Paris 1877. p. 585. 

0 Theophrasti Historia plantarum. Editio Wimmer. Vol. 1, lib. IV. 
Dio.seoridis I)c materia medics libri quinque. 1. 166. Virgilii Georgies. 2,126: 
Media fert tristis succus tardumque saporem 
felicis mail: quo non present ius ullum, 

Pocula si quando saevx infecere novercae. 

Hchn, Kulturpflamen and Nausthiere in ihrern Uebergsng aus Asien nach 
(iriechvnland und /fallen. Berlin 1877, p. 359. 

') Ibn Baithar, Neil- und Nahrungsmittel. Translated by Sontheimer. 
1842. Vol. 2, p.452. 

*) Risso et Poiteau, Histoire et culture dcs Orangers. Edition Du Breuil. 
Paris 1872. Hchn, Kulturpflamen und Nausthiere in ihrem Uebergsng aus 
Asien nach Griechcnland und Itslien. 1877, pp. 380—394. Gotze, Heitrag 
rur Kenntnis der OrangcngewSchse. Hamburg 1874, pp. 26 29. 

Geographic d’Edrisi traduite par Amedee Jaubert. 1836. Vol. 1, p. 162. 
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agrumen fruits, although such were cultivated in Spain at that 
time. 1 ) Jacques de Vitri 2 ) who traveled through Palestine about 
1225 found several varieties. 

The sweet orange tree (Citrus Aurantium, Risso) was cul- 
tivated for decorative purposes in Nizza in 1336. In 1340 sweet 
oranges 3 ) (Arancio) were well known in Venice. 4 ) In 1369 Arbores 
citronum were cultivated in Genoa and along the Ligurian coast. 
Among the articles of export from Alexandria the lemon is 
mentioned in a treatise of 1420. In I486 lemon trees were cul- 
vated along the Riviera s ) and in 1494 in the Azores.' 1 ) In 1546 
the sweet orange was brought by the Portuguese Juan de Castro 
(viceroy of India from 1545 to 1548) from China to Portugal and 
cultivated there. 7 ) Although the sweet orange has been cultivated 
occasionally in northern Italy, its general culture in southern 
Europe appears to have spread from Portugal. The name Portu- 
gallo for oranges has maintained itself in Italy up to the present 
time. In 1516 Barbosa/) a Portuguese traveller mentions the lemons 
as fruits being introduced from the Malabar coast and Ceylon. 

Into Germany the citrus fruits appear to have been introduced 
in the course of the 15. century. According to Conrad Gesner") 

') Ibn-al-Acram il Ishbilis during the second half of the 12. century wrote 
an agricultural treatise which was translated into French „Uvre d' Agriculture" 
edited by Clement Mullet. Paris 1864. 

J ) I.imones, Citri et alia puma citrina . . . acidi seu pontici saporis 
qu;e puma orengvs ab indigenis nuncupantur. Bongars, Gcsta Dei per 
Francos. Hanovue 1611, fol. 1099. 

*) For the etymology of the name orange see De Candolle, Origin of the 
cultivated plants. 1885. p. 184. — W. Roxburgh, Flora Indica. Vol. 2(1839), p. 392. 

') Cecchetti, Archivio Veneto. Vol. 30 (1885), p. 63. 

r ’) Gallesio, Traits du Citrus. Paris 1811, pp. 89, 103 and 321. 

a ) Kunstmann, D. Hieronymus Munzers Bericht uber die tntdeckung 
dcr Guinea. Abhandlungen der histur. Wasse der bayerischen Akadcmie. 
1855, p. 362. 

7 ) Le Comte, Nouveau x mtmoires sur P6tat de la Chine. 2. Edition, 
Paris 1679. Tom. 1, p. 173. — Ferrari Hesperides seu de malorum aureorum 
cultura et usu. Rom® 1646, p. 425. — E. Bretschnelder, History of European 
botanical discoveries in China. London 1898, Vol. 1, p. 6. 

") Libro di Odoardo Barbosa, in Ramusios belle navigationi et viaggi. 
Venetia 1554, fol. 347 b. — Gotze, Beitrag zur Kenntnis der Orangengew&chse. 
Hamburg 1874, p, 24. 

") Conrad Gesner, be hortis Germanise liber recens. Argentorati 1561. 
Lib. III. 
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they were cultivated during the middle of the 16. century for 
decorative purposes in hot houses and gardens. 

Lemon juice, which is again being used for medicinal pur- 
poses in recent times, was esteemed as such by Roman physicians. 
Alexander Trallianus 1 ) prescribed it during the middle of the 
6. century. Lemon syrup was introduced as medicament by the 
Arabian physician Mcsue through his Antidotarium.' 1 ) The method 
for its preparation was included in his Dispensatorium Noricum 
of 1543 by Valerius Cordus. :l ) 

The oil which is secreted in the cell tissues of the outer 
fruit rind of the agrumcn fruits flows out when these oil cells 
arc ruptured by pressure or friction. It is in this way that the 
oil is actually obtained. With the introduction and utilization of 
the agrumcn trees, this oil must have been known at an early 
period, without, however, finding any application. 

The earliest statements concerning distilled lemon and orange 
oils were made by Conrad Gcsncr J ) in 1555. Jaques Besson'') 
followed in 1571, and Porta") in 1589. The latter described the 
preparation of the two oils by distillation of the fresh grated 
rinds. During the sixties of the 18. century Gaubius 7 ) recom- 
mended the same process. 

The mechanical method of preparation of the agrumcn oils 
by rupturing the oil cells of the fruit rinds by means of a grate 
was described by Cl. )oh. Geoff roy s ) in the beginning of the 
18. century. In all probability, however, this method was practiced 
before this dale. 

The variety Citrus Hergamia, Risso, appears to be a cultural 
variety of much later date. The earliest information concerning 
oil of bergamot dates back as far only as the close of the 
17. century. Thus e. g. it is mentioned in an inventory of an 

') Alcxandri Tralliani medici libri XU graece et latine multu quam anted 
auction's et integriores etc. basilic 1551). Editio Puschmann. Vienna 1878. 

*) Sec p. 24. — Gallesia, Trait# du Citrus. Paris 1811. pp. 122, 247, 248. 

8 ) Dispensatorium Noricum. Editio 1548, pp. 179, 273. 

*1 Euonyini Philiatri Lin ktistlicher, teurcr Schatz etc. Zurich 1555. 

’) Besson, / 'art et moyen parfait de tirer huyles et eaux de tous 
medicaments simples et oteagineux. Paris 1571. 

") Porta i Magije naturalis libri viginti. Roma; 1563. Edit. Napoli 1589. p. 188. 

■) H.D.Gaubii Adversariorum varii argument! liber unus. Leidael771. p.31. 

Mimoires de T Academic des sciences de Paris. 1721, 159. 
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apothecary shop of Giessen of I688, 1 ) also in the treatise be 
parfumeur Francois, par I e Sieur Barbe , published in Lyon in 1 693. 
In the latter the bergamot fruit is described as a pear, from the 
fruit rind of which the fragrant oil is obtained by trituration and 
expression. The further statement is made that the name bergamot 
is derived from the Turkish Beg-ar mu di t the “prince of pears”. 
This statement would seem to indicate that the bergamot had 
its geographic source in the eastern coast lands of the Medi- 
terranean. In his Hesperidcs Norim be rgen sis of 1713, the Muem- 
berg physician and botanist, I. G. Volkamer, described the /.imon 
bergamotta as gloria limonum et fructus inter omnes noblissi - 
nws.~) He mentions that the Italians prepare an extremely fine 
essence from the fruit rind; that the name bergamot is in no 
way associated with Bergamo, a city in Lombardy ; also that no 
agrumcn varieties are cultivated in that region. 

In some of the West Indian islands, agrumens have been cul- 
tivated since the beginning of the past century. Aside from the island 
Montserrat, they did not prosper, either because they did not receive 
proper care, or because the soil was not favorable. Proper care as 
well as soil they, however, found in the southern part of United 
States since about 1815. They are now being cultivated extensively 
in Florida, Louisiana, and, since the forties, in southern California. 

In the municipal price ordinances concerning the wares of 
the apothecary and spices, oils of lemon and orange are enumerated 
among the distilled oils for the first time in that of Frankfurt- 
on-the-Main of 1582. Both oils had been introduced into the 
Dispensatorium Noricum of 1589 and into the Pharmacopoeia 
Augustana of 1613. As indicated above, bergamot oil appears 
to have come into use in 1690. 

In 1786 Remmler 1 ) tried to prepare rosin from oil of lemon. 
About the same time Liphard 4 ) mentions that the yield of lemon 
oil is larger when the fruit is allowed to stand until decay sets in. 

In 1789 the apothecary Heyer 5 ) of Braunschweig, upon cooling 
bergamot oil, obtained crystals which he termed bergamot camphor. 

’) Fluckiger, Dokumente zurGeschichte der Pharmazie. Halle 1876, p. 72. 

*) Hespcrides Norimbergcnses, 1713. Liber III, cap. 26, p. 156, b. 

8 ) Gottling’s Taschenbuch fur Scheidekunstler 1786. 

4 ) Crell’s Chem. Annalen 1787, II. 250. 

R ) Ibidem 1789, I. 320. 
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OIL OF ORANGE FLOWERS. 

Oil of orange flowers was known as early as the sixteenth 
century. Its distillation was described for the first time by 
Porta. 1 ) About a century later, in the year 1680, it appears 
to have been made the fashionable perfume by the Duchess 
Flavio Orsini, Princess of Neroli, hence the name of essence 
of neroli. 4 ) On account of its delicate pleasant odor, the oil 
has been able to hold its reputation as one of the finest 
flower perfumes. This is also true of the distilled orange flower 
water, or Aqua naphx , 3 ) which is used extensively for the 
aromatizing of food, confections and beverages, also for toilet 
purposes. The distillation of orange flower oil was described 
by Bcnatius 4 ) in 1806. The oil was investigated in 1825 by 
Bonastre ft ) and in 1828 by Boullay.* 1 ) 


OIL OF MYRRH. 

The history of myrrh is inseparable from that of frankin- 
cense. Both come from the same countries. From early anti- 
quity on, both have found like application in religious cults. In 
the commerce of the spices, both have played an important role. 
Hence myrrh and frankincense are almost invariably mentioned 
together in the oldest writings. As their geographic source, 
mythical Arabia and the coast lands along the south end of 
the Red Sea, the Punt or Phun of Egyptian documents, are 

*) Jo. Batt. Porta*, Neapolitans Magix naturalis libri viginti etc. Roma: 
1563. fol. 118. 

*) Menagio, Origini della lingua Indiana. 1685. — Uictiunnaire de 
Trivoux. - Paris 1771. Vol. 6, p. 178. 

*) The names Naph6 and Naphore probably had their origin in Languedoc. 
(Risso and Poiteau, Histoire nature He des Grangers. Paris 1818. Edition 
Du Breuil 1872. p. 21 1.) Orange flower water was distilled in the laboratories 
of German apothecary shops as early as the middle of the 17. century. 
(Simon is Paulli Quadripartitum hotanicum de simp/icium medicamentorum 
facultatihus etc. Argcntorati 1667. p.385.) 

4 ) Berl. Jahrbuch der Pharm. ISOS, 256. 

h ) Journ. de Pharm. II. 11 (1825), 529. 

®) Journ. de Pharm. II. 14 (1828), 496. -- Trommsdorff’s Neues |ourn. der 
Pharm. Ill, I. (1829), 226. 



History of individual volatile oils. 


153 


mentioned. 1 ) As precious spices for burnt offerings, for the purpose 
of embalming and anointing,*) both resins are frequently mentioned 
in Sanskrit writings, in the Vedas, in the Bible,' 1 ) in the Koran, in 
the Papyrus Ebers and in the writings of Greek, Roman and Arabian 
authors. Moreover, they are frequently confounded with each other.*) 

') A^atharchides. In Geographi Graeci minores. - De mart Erythraeo. 
p. 87. - Arrianos, Anabasis. Lib. VII, 20 and 22. - Diodori Bibliotheca 
historica. Lib. 19, cap. 24. — Kosmas Indopleustes, Topographia Christiana 
in Migne’s Patrologix cursus completus. Series Gntca . 1860. Vol. 88, 
p. 374. — G. A. Haggenmacher, Erg&nzungsheft zu Petermanns Geogra- 
phischcn Mitteilungen. 1876, 19. — I. M. Hildebrandt Sitzungsberichte der 
Gesel/schaft naturforschender Freunde zu Berlin. 19. November 1878. p. 195. 

K. Niebuhr, Beschreibung von Arabien. Copenhagen 1772. pp. 282 and 286. 
- H. Brugsch-Bey, Geschichte Aegyptens unter den Pharaonen. 1877. 
pp. 109, 110, 113 , 281, 314. — Revoil, Voyages au Cap des Aromates. 
Paris 1880. pp. 136, 184, 227, 255, 259, 276, 283. 

4 ) For the preparation of the sacred oil, used according to Jewish ritual 
for the anointing of the high priests, the “pure myrrh" (Exodus 30:23) was 
prescribed. It was the exudation that flowed naturally (Song of Solomon, 
5:5 and 13), hence it was also called tears or flowing myrrh (Stakte) 
(Exodus, 30 : 34). The wives of the Persian kings and the garbs of the kings 
were perfumed with myrrh. (Esther, 2:12. — Psalms, 45:9. Proverbs, 7:17). 
As a precious spice, myrrh was brought by the magi from the Orient to the 
new born King of the lews (Matth, 2:11). Roman soldiers refreshed Christ, 
while on the cross, with wine and myrrh (Mark 15:23), and Nicodemus 
brought myrrh for the embalming of his body (John, 19:39). 

•) Exodus, 30 : 23 ; 37 : 25. — Psalms, 45 : 9. — Proverbs, 7:17. Song 
of Solomon, 1 : 13; 3:6; 4: 14; and 5:5 and 13. — Mark, 15:23. Matthew, 
2:11. — John, 19:39. 

4 ) Statements concerning the origin and history of myrrh and frankin- 
cense may be found in the following treatises: Papyrus Ebers of the Uni- 
versity Library at Leipzig and of the Royal Library at Berlin. - Herodoti 
Historiarum libri \X. Lib. 111. 107.- Theophrasti Historia plantarum Lib. IX, 
cap. 4. - Plutarchi Moraha /sis et Osiris. V. 383. - Diodori Bibliotheca 
historica Lib. V, cap. 41 and Lib. XIX, cap. 94. - Luciani Opera, Drapetui 
p. 1. Athensi Dipnosophistarum libri XV, pp. 101 and 464, - Apulei Meta- 
morphoseon Lib. 8 and 10.— Dioscoridis be materia medica libri V. Lib. 1, 
cap. 24 , 78 and 81. Editio Kuhn-Sprengel 1829. Vol. I, p. 78. - Plinii 
Matura/is historic libri. Lib. XU, 15, 16, 30 35 and Lib. XIV, 15. — 
Dumichen, Geschichte des a/ten Aegyptens. In Oncken's Al/gemeiner We/t- 
geschichte. Grabpal. d. Petatn. Vol. 2, pp. 12 34 — Periplus mark Ery- 
thraei. Lib. IX, cap. 4. Vincent, Commerce and Navigation of the Ancients 
in the Indian Ocean. London 1807. Vol. 2, pp. 316 and 698. - Chishull, 
Antiquitates asiaticx. London 1728, p. 71. D. Hanbury, Science Papers 1876. 
pp. 378—382. - Comp, also Sigismund, Die Aromata. Leipzig 1884. pp. 6 — 13. 
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Oil of orange flowers was known as early as the sixteenth 
century. Its distillation was described for the first time by 
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has been able to hold its reputation as one of the finest 
flower perfumes. This is also true of the distilled orange flower 
water, or Aqua naphx , 3 ) which is used extensively for the 
aromatizing of food, confections and beverages, also for toilet 
purposes. The distillation of orange flower oil was described 
by Bcnatius 4 ) in 1806. The oil was investigated in 1825 by 
Bonastre ft ) and in 1828 by Boullay.* 1 ) 


OIL OF MYRRH. 

The history of myrrh is inseparable from that of frankin- 
cense. Both come from the same countries. From early anti- 
quity on, both have found like application in religious cults. In 
the commerce of the spices, both have played an important role. 
Hence myrrh and frankincense are almost invariably mentioned 
together in the oldest writings. As their geographic source, 
mythical Arabia and the coast lands along the south end of 
the Red Sea, the Punt or Phun of Egyptian documents, are 

*) Jo. Batt. Porta*, Neapolitans Magix naturalis libri viginti etc. Roma: 
1563. fol. 118. 

*) Menagio, Origini della lingua Indiana. 1685. — Uictiunnaire de 
Trivoux. - Paris 1771. Vol. 6, p. 178. 

*) The names Naph6 and Naphore probably had their origin in Languedoc. 
(Risso and Poiteau, Histoire nature He des Grangers. Paris 1818. Edition 
Du Breuil 1872. p. 21 1.) Orange flower water was distilled in the laboratories 
of German apothecary shops as early as the middle of the 17. century. 
(Simon is Paulli Quadripartitum hotanicum de simp/icium medicamentorum 
facultatihus etc. Argcntorati 1667. p.385.) 

4 ) Berl. Jahrbuch der Pharm. ISOS, 256. 

h ) Journ. de Pharm. II. 11 (1825), 529. 

®) Journ. de Pharm. II. 14 (1828), 496. -- Trommsdorff’s Neues |ourn. der 
Pharm. Ill, I. (1829), 226. 
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have been used earlier than myrrh. In addition to the literary 
sources mentioned under myrrh, 1 ) the age of such uses is indi- 
cated by recent investigations. 4 ) Its most common application 
and largest use, frankincense found as incense in the religious 
cults of most of the peoples of antiquity. As such it was adop- 
ted by the Roman and Greek Catholic churches. Its use as in- 
cense, either by itself' 1 ) or with myrrh 4 ) and other spices was 
especially esteemed in the temple service of the Hebrews, who 
obtained these spices through the Phoenicians/') Frankincense 
was also transported by caravan to Persia and Haby Ionia.") In- 
deed, the trafic in frankincense and myrrh exerted a great in- 
fluence on the commerce of the coastlands of the Red Sea. 

Among other writers Herodotus, 7 ) Plutarch,") Theophrastus,*) 
and Athenzeos, 10 ) later Strabon, 11 ) Dioscoridcs *-) and Pliny, 1!t ) 
also Arrian 1 ') make mention of the importance of frankincense. 16 ) 

') See pp. 153 and 154. 

4 ) Cruttendon, in Transactions of the Bombay Geographical Society. 

Vol. 7 (1840), p. 121. Chishuil, Antiqmtatcs Asiatic a\ London 1728. 

pp. 65- -72. - Harris, The Highlands of Abyssinia. Description of the frankin- 
cense tree in Guardafui. London 1844. 

3 ) Exodus, .30 : 34. Leviticus, 2: 1, 2, 15, lt»; 5:11; b : 15. 1. Chro- 
nicles, 1 0 : 2*-). Song of Solomon, 4:14. Isaiah, 43 : 23; 60:6. •- )erc- 

miah, 0:20. Matthew, 2: 1 1. 

4 ) Sec p. 153, footnote 3 and 4. 

*•) p. b. Movers, Das phdnicische Altertluirn. 1856. Vol. 3, pp. 99 
and 299. 

") Sprenger, Die alte Geographic Arabiens. Bern 1875. pp. 212, 218, 
219, 230, 264, 282, 284, 299, 308. 

: ) Herodoti Historiarum libri IX. Editio Rawlinson. 1858. Vol. 2, p. 488. 

') Fluckiger, Pharmakognosie. 1891. p. 50. 

") Theophrasti F.rcsii Opera quae supersunt omnia, Mistoria planta - 
rum Liber IV, cap. 4 and Liber IX, cap. 4. Editio Wimmer. Vol, 1, pp. 66 
and 143. 

,0 ) Athenaei Dipnosuphistarum libri XV. pp, 253, 289 and 309. 

M ) Strabonis Geographica. Lib. XVI, cap. 4. Meyer, Botanische Hr- 
lauterungen zu Strabo. Konigsberg 1852. pp. 137 139. Meyers Geschichte 
der Botanik. Konigsberg 1855. Vol. 2, p. 88. 

'*) Dioscoridis De materia medica libri quinque, Editio Kuhn-Sprengel. 
Vol. 1, p. 24. 

13 ) Plinii ISaturalis historian libri. Lib. XII, p. 41. Editio Littrtf. p.489. 

u ) Periplus maris erytbrxi. In Caroli Mulleri Geographi Grxci minores. 
Paris 1855. Vol. I, pp. 264 265. 

in ) Hebrew Lebonab, Latin. Thus (from tow, to sacrifice). 
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The distilled oil of frankincense was known to Valerius 
Cordus, but it is seldom mentioned in literature. In the treatises 
on distillation of the 16. century frankincense is mentioned as 
one of the many substances used in the distillation of the com- 
plex balsams e. g. by Gesner. 1 ) Oil of frankincense is first found 
as Oleum thuris in the drug ordinances of the city of Berlin 
for 1574, and of Frankfurt-on-the-Main for 1587; further in the 
Dispensiitorium Noricum of the year 1589. 

The older investigations of frankincense as to content of 
volatile oil as well as the properties of the oil were mostly made 
in connection with like investigations of oil of myrrh of which 
the more important have been mentioned on p. 153. 

Special observations concerning the oil and its constituents 
were made by Joh. E. Ba?r*) in 1787 and by Johnston : ‘) in 1839. 
The first investigation of the oil was made by Stcnhouse 4 ) in 1840. 

OIL OF ELEMI. 

Statements supposed to pertain to elemi made during the 
period of the Romans arc based largely on surmise.' 4 ) In Europe, 
elemi became known in the course of the 15. century, 0 ) being used 
as an external remedy/) However, its use was anything but general 
and at the time of Valerius Cordus, little was known concerning 
the resin a elemnia') The regular introduction into Europe of 
Philippine elemi does not date back farther than about 1820.") 

') Iiuonymi Philiatri tin kOstlicher theurer Schatz. 1555. p. 163. 

’) Dissert, 'itio. Crlanga: 1787. 

l ) Philosoph. Transact. London 1*39, 301. 

4 ) Liebig’s Annalen 35 (1840), 306. 

’) Fliickigcr, Pharmakognosie. III. ed., p. 88. Huckiger and Hanbury, 
Pharmacographia. p. 147. 

") Monardes, Historia medidnai de las cosas que se traen de nues- 
tras hidias oeddentaies qui sinen en medians. Sevilla 1574. Editio 
Clusii 1593, p.315. - W. Piso, Historia naturaiis et medics occidentalis 
1658, p. 122. Ray, Historia plantarum 1704. Vol. 3. Appendix p. 60 and 67. 

B. Pomet, Histoire des drogues. Paris 1694. p. 261. 

r ) Winkelmann, Urkundenbuch der University Heidelberg 1886, 1. 125, 
32. Fluckiger, Dokumente zur Geschichte der Pharmazie. 1876. p. 26. 

Huckiger, Die Frankfurter Liste 1872. p. 16. 

*) Valerii Cordii Historia stirpium. Lib. IV, cap. 97, p. 208. 

*) Arch, der Pharm. 1" (1826), 72. 
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Distilled oil of elemi is first mentioned in the price ordinance 
of Frankfurt-on-the-Main of 1587. It was admitted to the Phar- 
macopeia Augustana of 1613 and the Frankfurt Pharmacopoeia 
of 1649. 1 ) 

The first determination of the yield of oil was made by 
Caspar Neumann 5 ) about 1730. Redeterminations were made 
later by Manjeau 8 ) and Bonastre. 4 ) 


OIL OF LIGNALOES. 

Fragrant woods from Mexico and French Guyana have been 
articles of commerce since the 18. century. They were named 
aloe wood because at first they were regarded as being iden- 
tical with the older aloe wood.") Mexican lignaloes was first 

') Schroder, Pharmacopoca medico-physica. Ulm 1649. p. 194. 

*) Caspar Neumann, Chymia medica dogmatico- experimental is. Editio 
Kessel. 1749. Vol. 2, p. 403— 405. 

a ) |ourn. de Pharm. 10 (1824), 199. 

<) journ. de Pharm. B (1823), 45 -49. TrommsdorfTs Neues )oum. der 
Pharm. 7, I. (1823), 368. 

•') During antiquity the name aloe wood or Adlerholz was used as a 
collective term for fragrant woods obtained from different sources (Comp. 

) Moller, Lignum Aloes und Linaloehotz . II. Mitteil., Pharm. Post. 1898.) 
However, it appears to have been applied primarily to the resinous wood of 
Aquilaria Agallocha, Roxb. (N.O. Thymeleacex). Like sandalwood, it belongs 
to the spices used during antiquity. The East Indians called it Ahaha or 
Ahaloth, the Greeks also dydho/or. The Arabians designated it al-oed, 
meaning the wood, also agaluchin. The latter word gave rise to the Portu- 
guese designation pao de aquila, this in turn to the Latin lignum aquds. 
(Boorsma, Ueber Aloeholz und andere RiechhOlzer. Bull, du Dipart, de 
l’ Agriculture aux Indes Nierlandaises. No. VII. [Pharmacologic III] Buiten- 
zorg 1907 p. 1, footnote 4.) - Proverbs, 7 : 17. In Luther's translation (Psalms, 
45:9. - Song of Solomon, 4:14.- St John, 19:39, Sc.). In the English 
version it is translated as aloe wood. During antiquity it was prized so very 
highly that it was regarded as a most precious gift. From Egyptian docu- 
ments from the 17. century B. C. it becomes apparent that lignaloes, sandal- 
wood and cassia were highly esteemed spices by the Egyptians and that 
these were imported via the Red Sea route. (Lieblein, Handel nnd Schillahrt 
au! dem Rolen Metre in altenZeiten. Christiania 1886. P-31). Not until the 
crusades did lignaloes enter the Mediterranean commerce. During the reign ot 
the East Roman and later of the Greek emperors In Constantinople, and during 
the prime of the Levant commerce, lignaloes was one of the common spices 
of the Orient (W. Heyd, Geschichte des Levantehandels im Mittelalter. 
1879 . Vol. t, pp. 181, 191, 256, 418, 423; vol. 2, pp. 9, 153, 559.) About 1290 
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introduced into France in 1866. Guyana llgnaloes was first 
brought to Marseille in the seventies and was there used for 
the distillation of the oil. In Cayenne the oil was first distilled 
in 1893. 


CASCAR1LLA OIL 

It appears to have been in the first half of the 17. century 
that cascarilla bark was imported into Europe from the Bahama 
islands where the Croton Eluiaria, Bennett is indigenous. 1 ) The 
aborigines of these islands used the bark for fumigating pur- 
poses and as admixture to tobacco. Toward the end of the 
same century, cascarilla bark -was used medicinally in Germany. 
In the pharmaceutical price ordinance of Minden of 1691, it is 
enumerated as Cortex Chime de China nova , and in that of 
1694 as Cortex Chime novae seu SchacorH/.ve) 

Cascarilla oil is first mentioned in the Taxa universalis, 
Nuernberg 1747, as Oleum Schaquerilhe . a ) Statements con- 
cerning the yield and its specific gravity are made by Tromms- 
dorff ‘) in 1838. 


OIL OF MASTIC. 

During antiquity mastic was used for fumigation, embalming 
and as a taste corrective for wine. With other spices used for 

Marco Polo found it to be one of the most precious perfumes used in China 
and India. </.«■ /A re c/v Marco Polo. Edition Pauthier. Paris 1865. p. 532). 
Since the IP. century a lignaloes is brought into the market from Cochinchina 
and Siam under the Malayan name Kalambak. It is obtained from the leg- 
uminous tree Alocxylon Agallodntm, D. C. The wood of this tree resembles 
that of Aqnillaria Agallodia, Roxb. and for a long time it was used medici- 
nally and for perfume purposes under the name Lignum aloes or Lignum 
agalli veri. According to Moller the genuine lignaloes is odorless and hence 
contains no volatile oil. Hence the' oleum ligni aloes of the spice ordinance 
of Ulm of 15^6 <Reichard, Beitriige zurGcsduchte der Apotheken. Ulm 1825. 
p. 208) must have been distilled from a different wood. 

The wood of Gonystx lus Miquelianus, T. and B. (N. 0. Thyrnelaceae) 
is likewise to be regarded as a genuine lignaloes. In European countries the 
lignum aloes is no longer in use. In British India, China and the Dutch 
archipelago it finds extended use even to-day. (Boorsma, 1. c. p. 2.) 

‘) Huckiger and Hanbury, Pharmacographia. II. ed, p. 561. 

a ) Huckiger, Pharmakognnsie. III. ed., p. 612. 

:1 ) 0. Eendler, Itiaug. Dissertat . Rostock IdOO, p. 2. 

M Trommsdorff’s Neues journ. der Pharm. ‘20, II. (1833), 136. 
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like purposes, it is frequently mentioned in literature. 1 ) During 
the middle ages, mastic from Chios, Cyprus 2 ) and Samos 11 ) was 
one of the highly prized condiments. It was chewed and much 
used in the preparation of compound balsams, hence it is 
referred to in Arabian medical treatises and later treatises on 
distillation as Granomastice . 4 ) Occasionally it is mentioned in 
connection with and at times confounded with frankincense 
as Thus. 

Distilled oil of mastic, probably obtained by dry distillation, 
is first mentioned about the middle of the 15. century. 6 ) Such 
an empyreumatic oil of mastic is also mentioned in the inven- 
tory of the Rathsapothcke in Braunschweig of the year 1518.“) 
Ryff') and Gcsner*) distilled mastic with wine. In the drug 
ordinances oil of mastic is first mentioned ig that of Berlin 
of 1574, in books on medicine in the Pharmacopeia Augustana 
of 1480 and in the Dispensatorium Moricum of 1589. Later 
the oil went out of use almost altogether. Recently it is being 
used in Turkey for the preparation of a liquor. 


GUR)UM BALSAM OIL. 

In India, gurjun balsam has been in use for a long time. 
The attention of Europeans was first directed to gurjun balsam 

i) Esekiel, 27:17. Herodoti Historianm libri. Lib. IV, 177. — Theo- 
phrasti Historia plantarum, Lib. IX, cap. 1 and 4. ~ Plinii Naturaiis historic 
libri lib. XII, cap. 36. Editio Littre, vol. 1, p- 487. - Plutarchii Moraiia, 
hiset Osiris. Editio Parthey. 1850. p. 143 and 276. - Avicenn* Libri in 
rv tnedica omnes. Venetiis. 1546. Lib. XI, cap. 462. Palladii De re rustica. 
Editio Nisard. 1877. p. 626. 

s) vv. Heyd, Geschichte des Levantebandels im Mittelalter. 1879. 

'^Geographic d’F.drisi, traduite par Amedee jaubert. 1836. Vol. 2, 
p, 27. - Meyer, Geschichte der Botanik, 1856. Vol. 3, p. 299. 

4 ) Guerard, Polyptique de I'abbt Irminon. Paris 1844. Vol. 2, P- 336. 
- Pfeiffer, Zwei deiitsche Arzneibiicher aus dem t2. und 13. Jahrhundert. 
In Sitzungsberichte der kaiser ! . Akademie der Wissenscb. zu Wien. 42 (1863), 
110—162. (Haes er, Geschichte der Medizin. 1875. Vol. 3, p. 663.) 

'■) Saladini Compendium aromatariorum. Venetii 1488. Index. 
tt ) Fltickiger, Pharmakognosie. 1891. p. 119. 

7 ) Gualtherus Ryff, New gross Destillirbuch. 1545. Fol. 181. 

') Euonymi Philiatri tin kdstlicher theurer Schatz. 1555. p. 237. 
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by Franklin 1 ) in 1811 and by Wm. Ainslie-) in 1813. Its source 
and method of preparation, however, were first described by 
Wm. Roxburgh a ) in 1827. 

Its similar action to copaiba balsam was made known in 
India by the physician O’Shaughncssy 4 ) as early as 1812. It 
acquired a considerable reputation in India as a remedy against 
lepra, later also in England in dermatological ft ) practice. 


OIL OF LADAMUM. 

The ladanuni resin, used since antiquity “) as incense and 
embalming agent, is an exudation of the bush-like plants Cistus 
crcticus, L., C. ladanifvrus, L. and other species of the N. 0. 
Cistacvi v indigenous to Asia Minor, Crete, Cyprus and a few 
other islands off the coast of Asia Minor. Up to the beginning 
of the 19. century it was an officinal drug, valued for its pleasant 
odor. It is often mentioned in literature 7 ) along with the ancient 
aromatics, storax, myrrh and frankincense. Not infrequently, 
especially in the translations of the Bible, it has been con- 
founded with galbanum. s ) Lately it has gone almost completely 
out of use. 

Ladanum oil, distilled at first with wine or spirits of wine 
(aqua vit<v), was already known to Walter Ryff, 11 ) Conrad Gcsner, 1 ") 

') franklin, Tracts on the dominions of Ava. London 1811. p. 26. 

') Wm. Ainslie, Materia medica of Hindoostan. Madras 1813. p. 186. 

! ‘) Roxburgh, Plants of the coast of Coromandel. 1828. Vol. 3, p. 10 
and plate 113. 

4 ) Bengal Dispensatory, Calcutta. 1842. p. 22. 

•') Pharmaceutical joum. HI. 5 (1875), 729. 

") Herodoti Historiarum libri novem. Lib. Ill, 107, 112. 

7 ) Plinii Matu rail's historic libri. Lib. XII, cap. 37 and 44. — Dioscoridis 
l)e materia medica libri quinque. Lib. I, cap. 23. Edit. Kuhn-Sprengel 1829. 
p. 120. — Douet d’Arcq, Comptes de I'Argenterie des rois de France. 1851, 
p. 19. Heyd, Geschicbte des Levantehandels im Mittelalter. 1879. vol. 2, 
p. 614. Schrader, Monatsberichte der Berliner Akademie der Wissen- 
schaften, 1HHI, 413. — Thiselton Dyer, Pharmaceutical Joum. III. 15 (1884), 
301 and 18 (1885), 386 and 779. 

") W. Smith, Dictionary of the Bible. London. Vol. 2 (1863), p. 450. — 
Rosenmuller, Handbuch der bib/iseben Altertumskunde. Vol. 4 (1830), p. 156. 

") Gualtheri Ryff, Mew gross DestUfirbuch. 1545. fol. 179. 

* u ) Euonymi Philiatri Ein kdstlicber theurer Schatz. 1555. p. 237. 
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Hieronymus Rubeus, 1 ) and to Porta. 4 ) It was taken up in medical 
books, first in the Dispensatorium Moricum of the year 1589 
and in the Pharmacopeia Augustana of the year 1613. 

CANELLA OIL. 

When first introduced into Europe from the new world, 
canella bark, from Canella alba, Murray, was regarded as a kind 
of cinnamon bark. Later is was confounded with other barks, 
more particularly with Winter’s bark, from Drimys Winter i, Forst. 
Canella bark was described as early as 1605 by Clusius 11 ) of 
Leyden. In 1690 Dale') called attention to its being mistaken 
for Winter’s bark. In 1694 Pomet ri ) confounded canella bark 
with that of Cinnamodendron corticosum, Micrs fl ) of St. Thomas. 
The latter was also repeatedly confounded with Winter’s bark, 
even as late as the Paris Exposition of 1855. 

In all probability canella oil was first distilled in 1707 by 
Sloane in England, later by Henry : ) in 1820. However, it appears 
to have found no application. It was examined by Meyer and 
von Reiche s ) in 1843, later by Bruun' 1 ) and by Williams. 10 ) 

OIL OF CLOVES. 

With cinnamon, nutmeg and pepper, cloves belong to the 
oldest known spices. As such they arc mentioned in Chinese, 

') Hieronymi Rubei Ravennatis Ik destination? liber, in quo stillatitiornm 
liquorum, qui ad medicinam faciuntur, methodus ac vires explicantur. Basitix 
158t. cap. 5, fol. 14b. 

J ) Porta; MagiiE naturalis libri viginti. 1564. p. 387. 

J ) Caroli Clusii Exoticorum libri decern. Antverpia: 1605. p. 78. 

4 ) Dale, Pharmacologia seu manuductio ad Matenam medicam . London 
1693. p. 432. 

; ’) Pierre Pomet, Histoire gtntrak des Drogues. Paris 1 694. Tom. 1 , p. 130. 

fl ) Annals and Magazine of Natural History, May 1858. — Miers, Con* 
tributions to Botany. Vol. 1, p. 121. - Grisebach, Flora of the British West 
Indian Islands. Vol. I, p. 109. 

7 ) Trommsdorff’s Taschenbuch f. Chemiker und Pharmazeuten 24 (1821), 
101, — Berliner jahrbuch d. Pharm. 24 (1821), 1. 166. 

*) Liebig’s Annalen 47 (1843), 224. 

*) Proceed. Wise. Pharm. Assoc. 1888, 36. 

*°) Pharm. Rundschau (New York) 12 (1894), 183. 
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by Franklin 1 ) in 1811 and by Wm. Ainslie-) in 1813. Its source 
and method of preparation, however, were first described by 
Wm. Roxburgh a ) in 1827. 

Its similar action to copaiba balsam was made known in 
India by the physician O’Shaughncssy 4 ) as early as 1812. It 
acquired a considerable reputation in India as a remedy against 
lepra, later also in England in dermatological ft ) practice. 


OIL OF LADAMUM. 

The ladanuni resin, used since antiquity “) as incense and 
embalming agent, is an exudation of the bush-like plants Cistus 
crcticus, L., C. ladanifvrus, L. and other species of the N. 0. 
Cistacvi v indigenous to Asia Minor, Crete, Cyprus and a few 
other islands off the coast of Asia Minor. Up to the beginning 
of the 19. century it was an officinal drug, valued for its pleasant 
odor. It is often mentioned in literature 7 ) along with the ancient 
aromatics, storax, myrrh and frankincense. Not infrequently, 
especially in the translations of the Bible, it has been con- 
founded with galbanum. s ) Lately it has gone almost completely 
out of use. 

Ladanum oil, distilled at first with wine or spirits of wine 
(aqua vit<v), was already known to Walter Ryff, 11 ) Conrad Gcsner, 1 ") 

') franklin, Tracts on the dominions of Ava. London 1811. p. 26. 

') Wm. Ainslie, Materia medica of Hindoostan. Madras 1813. p. 186. 

! ‘) Roxburgh, Plants of the coast of Coromandel. 1828. Vol. 3, p. 10 
and plate 113. 

4 ) Bengal Dispensatory, Calcutta. 1842. p. 22. 

•') Pharmaceutical joum. HI. 5 (1875), 729. 

") Herodoti Historiarum libri novem. Lib. Ill, 107, 112. 

7 ) Plinii Matu rail's historic libri. Lib. XII, cap. 37 and 44. — Dioscoridis 
l)e materia medica libri quinque. Lib. I, cap. 23. Edit. Kuhn-Sprengel 1829. 
p. 120. — Douet d’Arcq, Comptes de I'Argenterie des rois de France. 1851, 
p. 19. Heyd, Geschicbte des Levantehandels im Mittelalter. 1879. vol. 2, 
p. 614. Schrader, Monatsberichte der Berliner Akademie der Wissen- 
schaften, 1HHI, 413. — Thiselton Dyer, Pharmaceutical Joum. III. 15 (1884), 
301 and 18 (1885), 386 and 779. 

") W. Smith, Dictionary of the Bible. London. Vol. 2 (1863), p. 450. — 
Rosenmuller, Handbuch der bib/iseben Altertumskunde. Vol. 4 (1830), p. 156. 

") Gualtheri Ryff, Mew gross DestUfirbuch. 1545. fol. 179. 

* u ) Euonymi Philiatri Ein kdstlicber theurer Schatz. 1555. p. 237. 
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and those of Pigafetta, 1 ) the companion of Magellan. Both 
described from their own observations not only the clovetree, 
but also the collection of the cloves, the former in 1504, the 
latter in 1521. 

From the beginning of the 16. century to the close of the 
17. century the commerce in cloves was almost exclusively in 
the hands of the Portuguese. Having crowded out the Portuguese, 
the Dutch in 1605 attempted to make a monopoly of the trade 
in cloves. With this end in view they destroyed the clove 
plantations in the Moluccas with the exception of those in the 
island of Amboina.') 

However in 1769 Poivrc, the French governor of Bourbon 
and Mauritius, succeeded in transplanting clove and nutmeg 
trees from Amboina to his islands.’ 1 ) From here, in 1793, cul- 
tivated specimens were transplanted to French Guiana (Cayenne), 
Martinique, St. Vincent, Domingo and Trinidad; also about the 
same time to Zanzibar. 1 ) 

As ornamental plants, clove trees were introduced into 
Europe, more particularly into Venice, about the beginning of 
the 16. century/ 1 ) 

On account of the high price of cloves, the aromatic stems 
remaining after the picking of the blossoms were introduced 
into commerce as early as the beginning of the 15. century/) 
However, they appear to have been used primarily for the 


’) Ramusio, Raccolta defle navigation! et viaggi. Venelia 1554, fol. 404 h. 
Ldit. Hakluyt Society, London 1874, p. 134. 

•) Hasskarl, Neuer Schlusscl zu Rumpfs Herbarium amboinense. 1866. 
Vol.2, p. 17. 

:l ) Tessier, Sur /' importation du girof/icr des Motuques anx isles de 
I ranee, de Bourbon et de Sec belles, et de ces isles a Cayenne. Observa- 
tions sur la physique. Paris, juillet 1779. 

*) Las Colonias espanoles, Isfas FiUpinns. Madrid 1880, pp. 72 and 122. 
Guillain, Uocuments sur I'histoire, la geographic et le commerce de 
/’Afrique orientate. Paris 1856. Tom. 3, p. 318. - Annales de Chim. et Pbys. 
I, 7 (1790), 1-21. 

'•) Conrad Gesner, Hurt! Qermanix. 1562. fol. 288. 
fi ) Pegolotti, Della decima e de/le alt re gravezze imposte da! comune 
di Firenze. 1766. Vol. 3, p. 98. — Luciano Banchi, / porti della maremma 
Senese durante la republica. Archivio storico italiano. XII. parte 2 (1880), 
p. 90. - Bonaini, Statu ti inediti della citta di Pisa, firenze 1857. Vol. 3, 
p. 106. — Henschel, Janus. Breslau 1846. Vol. 1, p. 40. 

11 * 
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adulteration of clove powder. 1 ) Nevertheless Porta in his writings 
about the middle of the 16. century, mentions that he had obtained 
an oil distilled from the stems.') 

Oil of cloves appears to have been distilled for the first 
time in the 15. century, but probably, like other aromatics, with 
wine or the addition of spirits of wine. This method of distil- 
lation was described by Walter Ryff, :! ) Conrad Gesner/) Adam 
Loniccr') and others. Gcsner also mentions the distillation of 
the oil, per dcscensuni") The pure oil however was, shortly 
afterwards distilled by Valerius Cord us, 7 ) by Winther of Ander- 
nach s ) and by Porta.") In the Dispvnsatorium Noricum, oil of 
cloves was admitted with a number of other oils in the edition 
ol 1589. In drug ordinances it was first mentioned in that of 
the city ot Beilin in 1574.'") 

The yield of volatile oil from cloves was determined by Boer- 
haavc, 11 ) IT. Hoffmann,' 1 ) Caspar Neumann 13 ) and H. Tromms- 

') Baader, Nnmheiger Pofuei\ croidnnngen aus dan Id. bis AT. Jahr- 
hundert. 1881. pp. 1 9 and l.R Miickijjer, Zur altervn (icscbichtc der 
Pharma/ te in Hern. Sclialthausen 1882, p. 21. 

') Baptists Porta.' M, iguv natural is hbii viginti. Liber do destillatione. 
Edit. Konu\ 1 80S. p. 75. 

:l ) Cnialthcrus Hyff, New gross Destillirbinh. 1545. fol. 88. 

') l.uonymi Pluliatri Pin host Ik her tbcuror Schat/ Zurich 1555. pp. 227, 
232. Cditio 1557, p. 288. 

) Adami 1 oniceri h'lauterbudi and kilns tin he Conterfeyungen. Cditio 
Peter Utfenbaeh. 1551. p. 548. 

'') l.uonymi Philiatrt I'm kbsthdier tbetirer Sdutl/. Cditio 1557. p.288. 

) Val. Cordus, Do artilniosis extraetionibus liber. Argentorati 1581. 
pa«. 228. 

') linintheri Andemaci Libor de veteri ot nova medidrut. Basil ia; 1571. 
fol. 830- 8.15. 

") |o. Baptista? Porta? Nagi.e natura/is libri viginti. Liber de destillatione. 
Antverpi.e 1587. pp. 184 and 37<i. 

"') / stiinatio maten.e niedic.v utriusque genus ... in gratiam ot usum 
publicum cn datum Narcbue Btandenburgensis . Autore Matthaco Placco. 
licrolini anno 1574. 

'M Mennanmis Boerhaave, L'lementa chemise, quae anniversario Jabore 
doiiiit in pub lids pmatisque scholis. 1732. Vol. 2, p. 114. 

,J ) hrcdcrici Hoffmannii Obsen ationum physico-chemicarum se/ediorum. 
1722. Vol. 1, p. 11. Do Citryophy/fis aromatids. Halo? 1701. 

“) Caspar Neumann, Chytnia medica dogmatico-experimentulis. Editio 
Bessel. 174*1. 
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dorff. 1 ) Boerhaave remarked that the variation in yield obtained on 
distillation was somethimes due to the adulteration with cloves which 
had been exhausted of their oil by distillation and then dried again. 4 ) 

Bonastre") in 1827 recognized the acid nature of clove oil and 
investigated the salt-like compounds of eugenol that were formed 
with alkalies. Ettling and Liebig 4 ) first showed that besides 
“Nclkensdure", eugenic acid, there is also present in the oil an 
indifferent body. Of the older investigations which were restricted 
mostly to eugenol, those of Dumas*) (18.33), Bdckmann*) (1838), 
Calvi 7 ) (1856), Bruning s ) (1857), Williams' 1 ) (1858), Hlasiwctz and 
Grabowski 10 ) (1866) and Erlenmeycr Jl ) (1866) may be mentioned. 


OIL Of CAJEPUT. 

Oil of cajcput appears not to have been brought to Europe 
until the beginning of the 17. century, when the Dutch took 
possession of the Moluccas. The first accurate account of the . 
source of this oil was given by the missionary Valentyn, 1 -) and 
the merchant Georg Eberhard Rumpf of Hanau, both living in 
Amboina. The latter was an enthusiastic plant collector, and 
author of the first flora of the island Amboina. 1 '*) According to 

’) Trommsdorff’s |ourn. der Pharm. 23, II (1814), 23. 

■’) Raff, System der Materia medic a, tt (1821), 433. 

") |ourn. dc Pharm. II. 13 (1827), 464 and 513; Poggendorff's Annalen ID 
(1827), 609 and 611. 

4 ) Liebig's Annalen 3 (1834), 68. 

'*) Ann. de Chim. ct dc Phys. II. 33 (1833), 165. - Liebig's Annalen 3 
(1834), 68. 

") Liebig’s Annalen 27 (1838), 155. 

7 ) Ibidem 33 (1856), 242. 

*) ibidem 104 (1857), 202. 

”) Ibidem 107 (1858), 238. 

,u ) Ibidem 133 (1866), 95. 

n ) Zeitschr. f. Chemie 3 (1866), 95. 

,2 ) Verhandl. van der Geschiedcnissen en Zaaken in Amboina . Vol. 3, p. 1 93. 

M ) G. E. Rumphii Herbarium ambuinense, plurimas complectens arbores 
Indices, herbas, plantas terrestres et aquaticas, quae in Amboina et adja- 
centibus reperiuntur insii/is ... (He t Amboinsche Kruid boek). It was not 
until forty years after the death of Rumpf that this work was published by 
lohann Burmann, Professor of Botany in Amsterdam. It appeared during the 
years 1741—1755 in six folios with 587 plates. The reference to cajeput oil 
will be found in vol. 2, p. 72. 
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RumpfV) statement, the Malays and Javanese were acquainted 
with oil of cajcput long before the Moluccas, the Banda and 
the Sunda islands were taken possession of, and used it as a 
diaphoretic. In Europe, the oil at first appears to have found 
no application. The first notice of such is by the physician 
|. M. Lochner in Niirnberg, and by the apothecary Joh. Heinr. Link 
in Leipzig. The former mentioned the oil in 1717,-) the latter had 
bought the oil about the same time as a novelty from the physi- 
cian of a ship which had just returned from the East Indies.") 
from this time on cajcput oil was used medicinally in Germany 
and was introduced into the apothecary shops ') and mentioned in 
price ordinances and in medical works, For some time, however, 
it remained rare and expensive*) and not until 1730 did larger 
quantities of the oil conic into the European market via Amster- 
dam.'’’) In Germany, it was at first called Oleum Wittnebianum 
after a merchant E. H. Wittneben of Wolfenbiittel, who had lived 
several years in Batavia, and who, in German essays, 7 ) had 
recommended the oil as a valuable remedial agent. 

In Trance and in England oil of cajcput was not used until 
the beginning of the past century. 

The first detailed account of the simple methods of distillation 
of cajcput oil used on the Moluccas, was given by the French 
traveler Labillardiere,") who had visited the island of Burn in 1792. 
The use of copper stills and condensers gave rise to a green 

') Rumphii 1/crhtnum umhoinense Vol. 2, chapt. 2b. 

-) Academia Natural. Cu rumor. Lphemvndcs Centuri V, VI. Niirnberg 
1717. p. 157. 

‘'I Samm/ung \on Natur und Nedizin, wiv atich von A ’unst- und Lite - 
raturgcschichten. Leipzig and lludissin. 17N p. 257. 

4 ) fluckiger, Dokumvnte /.ur (iescfuchte dvr Pharmazie. 1876. pp. 88 
and 90. 

’) Abraham Vatcr, Cata/ogus variorum exoticorum rarissimorum. Wilten- 
berga; 1726. 

") Schendus van der Heck, l)c India' rarioribus. Acta natural. Curiosor. 
Vol. 1 . Appendix 1725. p. 125. 

"*) This designation was largely due to an erroneous statement in the 
Commcrcium htterarium published by 1. C. Ciotz in 1731 in Numberg. In it 
Wittneben is mentioned as discoverer of the oil of cajeput. This misstatement 
was not corrected until twenty years later in the dissertation of Martini, p. 178, 
footnote 4. 

s ) Travels in the Last Indian Archipelago. London 1868. p. 282. 
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color due to a small amount of copper in the oil. The cause 
of this coloration was first detected by the apothecaries Hellwig 1 ) 
in Stralsund in 1786* Joh. Friedr. Westrumb*) in Hameln in 1788, 
and Trommsdorff*) in Erfurt in 1795. 4 ) 

EUCALYPTUS OIL. 

The oil of Eucalyptus piperita, Sm., is the oldest oil of 
eucalyptus leaves, being mentioned as early as 1790.'') In 1853 
the botanist Ferdinand von Miillcr recommended to the Province 
of Victoria the distillation of the leaves of the eucalyptus species.") 
Bosisto, 7 ) who had distilled experimentally the dried leaves in 
London, established in 1854 the first factory in Australia,") and 
is, therefore, to be considered as the founder of this extensive 
industry. 

Australian eucalyptus oil came into the German market 
about 1866 without any botanical reference as to its source. Pro- 
bably it was principally the distillate from Eucalyptus amyg- 
dalina. 

Eucalyptus Globulus was discovered in Tasmania in 1792 
by Labillardiere and introduced into Europe in 1856 by Ramel.") 
The oil of this species was obtained on a large scale, first in 
southern France, Algiers and California, and has become a 
staple article of commerce only since the early eighties of the 
past century. 

*) Crell’s Chem. Annalcn l<Mi, II. 141. 

4 ) joh. F. Westrumb, Klcinc physikalisch-chemische Abhandluugen. Leip- 
zig 1788. Vol. 2, Mo. 1. 

!1 ) Trommsdorff’s }oum. der Pharm. 2, I. (1795), 115. 

J ) Earlier contributions on cajeput oil arc: D. Martini, Disscrtatio episto- 
laris, qua dc oieo Wittnebiauo seu Kajeput ejusque saluberrimis effectibus 
exponit. Guelpherb. 1751. - Joh. Fr. Cartheuser, Dc oleo cajeputi . Disser- 
tatio physico-chcmica. Erfurt 1754. ...» 

ft ) journal of a Voyage to New South Wales by John White. Surgeon- 
General to the Settlement, published 1790. 

«) ferd. v. Muller, Eucalyptographia. Melbourne 1879. Ferd. v. Muller, 
Select Extra-Tropical Plants. IX. Edit. Melbourne 1895. p. 184. 

■) Bosisto, Transact. Royal Soc. Victoria 1*81 #4. 

H ) Bericht von Schimmel 6 Co. October t**8, 13. 

") Bentley, On the characters, properties and uses of Eucalyptus Glo- 
bulus. London 1854. Sawer , Odorograpbia. London 1894. Vol. 2, p. 241. 
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OIL OF CORIANDER. 

The coriander plant, Conundrum sativum, L., cultivated in 
many countries and in nearly all climates, was used as a kitchen 
spice even before the Christian Era. 1 ) As such, coriander fruit 
is mentioned repeatedly in Sanscrit writings, in the Bible'’) and in 
later Roman writings. 11 ) Together with other offerings, 4 ) coriander 
fruit has also been found in old Egyptian monuments of the 
10. century B. C. 

Coriander is also mentioned among the useful plants re- 
commended for cultivation by Charlemagne, r> ) but it appears 
to have received, as with the Arabians so also with the Ger- 
mans in the middle ages, only slight consideration. The fruit 
is again mentioned in the medical' 1 ) and distilling books of 
the 16. century, although it had been employed now and again 
as a kitchen spice. 7 ) 

The distilled oil of coriander appears to have been first 
obtained by Porta s ) in the 16. century who prepared it after 
moistening the fruit with a qua vitiv. In the price ordinances of 
spices, the oil is first included in that of Berlin of 1574 and that 
of Frankfurt-on-thc-Main of 1587; also in the 1589 edition of the 
Dispcnsatorium Noricum. 

Coriander oil was investigated in 1785 by Hassc, 1 ') in 1835 

') Prosper Alpirms, be pi* uitis Algypti liber. Venetii 1591. Cap. 42, p.01. 

*) Exodus, 10 : 31. Numbers 11:7. 

:| ) Theophrasti Opcr, i qmv supersunt omnia. flistoria plant# rum. Lib. VI. 4. 
Editio Wimmer. 1800, p. 1 17. Dioscoridis be materia medics iibri quinque. 
Editio Kuhn-Sprengel. 1829, p. 410. Plinii Natural is historic. Lib. XIX. 35 
and XX. 82. Editio Littre. Vol. I, p. 729 and Vol. 2, p 33. Catonis be re 
rustics Libri XII. Cap. 119 and 157, Edit. Nisard, p. 34 and 54. - Columella; 
be re rustics. Cap. 10 and II. Edit. Nisard, pp. 414, 442. Palladii be re 
rustics. Lib 111, 24. Lib. IV. 9, Editio Nisard, p. 507 and 583. 

*) 0. Schweinfurth, in the lierichte dvr deutsch. botan. Gcsel/schaft, 2 
<18841, 359. 

’) See footnote 8, p. 133. 

") K. Regel, Das mitteihochdeutsche Gothaer Arzneibuch. 1873. p. 13. 

: ) Hirsch, Danzigs Handels * und Gewerbe-Geschichte. Leipzig 1858. 
p. 243. 

') Jo. Bapt. Porta; Nagise naturalis libri viginti. Lib. X. ‘'be dcstilia- 
tionc ." Roma; 1008, p. 379. 

") Crell’s Cheniische Annalen 1785, I. 422. 
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by Trommsdorff, 1 ) in 1852 by A. Kawalier 2 ) and in 1881 by 
B. Grosser.") A true insight into its composition, however, was 
brought about by the investigations of Semmler (1891) and of 
Barbier (1893). 


OIL OF CUMIN. 

During antiquity both the Roman or mother caraway of the 
Orient, Cuminum Cvminum, L., and the common caraway were 
used as spices. In literature, e. g. in the translations of the Bible, 
both have been confused, not only the one with the other, but 
both with the seeds of the black caraway, the IS igellaS) According 
to statements in the Papyrus Ebers, cumin and caraway seeds 
have been found in Egyptian graves. Dioscorides') describes 
both. In Spain both cumin and caraway were cultivated by the 
Arabians during the 12. century. 1 “) Both are enumerated in the 
market ordinances of Brugge in Flandria of 1307, 7 ) and of Danzig 
in the beginning of the 15. century. s ) In 716 cumin seed is 
mentioned among the objects of tribute to be paid to the Norman 
monastery Corbie.”) During the early part of the 13. century, 
Edrisi, the geographer, mentions both fruits as products of Morocco 
and Algiers. 1 ") Both were used in England toward the beginning 
of the 13. century, n ) and in Germany in the 15. century. 12 ) 

’) Arch, der Pharm. •'>- (1835), 1 14. 

-) Liebig’s Annalen S4 (1852), 351; Journ. f. prakt. Chem. 5S (1853), 226. 

;l ) Berl. Berichte 14 (1881), 2485. 

4 ) Isaiah, 28 : 25 to 27. Rosenmuller, Handbuch der biblischen Altertums- 
kunde. Leipzig 1830. Vol. 4, p. 100. - Plinii ISaturalis historic libri. Lib. XIX, 
cap. 8. 

•') Dioscoridis Ik materia rnedica libri quinqut . Editio Kuhn-Sprengel 
1829. Vol. 1, 407. 

•) Ibn-al*Awam, Livre d' agriculture, traduit par Clement-Mullet. 1864. 
Vol. 2, p. 242 and 244. 

T ) Warnkonig, liistuire do la Flandrc. 1836. Vol. 2, p. 512 and vol. 4, p. 449. 

') Hirsch, Danzigs Handels- und (iewerbegeschicbte. Leipzig 1858, p.243. 

") Pardessus, Diplomata , Chartae, etc. Paris 1849, p. 307. 

10 ) Edrisi, Description de I’Afrique et de fEspagne, traduit par Dozy 
et De Goeje. Leyden 1866. pp. 75, 97, 150. 

“) Rogers, History of Agriculture and Prices in England. 1876. Vol. 1, 
p. 631 and vol. 2, pp. 543-547. Riley, Monuments Ouildhalli Londonicnsis. 
1859. p. 224. 

«-* ) Thomas, Fontego dei Tedeschi in Venezia. 1874. p. 252. 
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The volatile oil of cumin is included in the price ordinances 
of Berlin of 1574, and of Frankfurt of 1582, also in the 1589 
edition of the Dispensatorium Noricum. 


OIL OF CELERY SEED. 

Celery was known at the beginning of the Christian era. 1 ) 
As a kitchen spice it is recommended in the Capitular? of Charle- 
magne 812,-) as a medicament by the abbess Hildegard 1 *) in the 
early part of the 12. century. 

During the period of the distilled waters, celery water was 
used as a domestic remedy and is rcpeatidly described in the 
treatises on distillation of the 15. and 16. centuries.') 

Distilled oil of celery appears to have come into use 
during the middle of the 16. century. In the spice and drug 

ordinances it is first mentioned in that of Frankfurt-on-the- 

Main of 1587, also in the 1589 edition of the Dispensatorium 
Noricum. 

The apiol which crystallizes from the oil at lower tempera- 
tures was observed as early as 1715 by the apothecary Christian 
Link'*) of Leipzig, again in 1745 by A. Fr. Walther.") 

The oils from the fresh herb and seeds was distilled by 
Pabitzky 7 ) in 1754. Both the oils and the crystals separat- 
ing therefrom arc further mentioned by Dehne, s ) Bollc,") and 

') Dioscoridis l)e materia mcchca libri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p. 413. - Plinii Natunths historic Jibri. Lib. XX, cap. 47. 

Editio Littre. Vol. 2, p. 18. Apicius Cii'lius in Meyer’s (Jeschichte dcr 

Hotanik. Vol. 2, p.242. - Dierbach, Klara Apicmna. 1831. p. 52. 

’) Capitulate de villis vt corn’s imperialibus. Anno 812. Comments by 
A. Th.er in Fuhling’s l.andwirtschnftliche Zeitung. Berlin 1878 . 241-260. 

Hildegardis Abbatissiv Subtilitatum diversarum naturarum crea- 
t lira rum libri novem. Editio Migne. Datrologiae cursus comp/etus. Paris 
1855. p. 1158. 

n Hieronymus Hrunschwig, Liber de arte destillandi. 1500. fol. 87. 

■') Samni/ung von Natur und Medicin , wie auch von Kunst- und Lite - 
ratiirgeschichten. Leipzig and Budissin 1716. 

") A. Er. Walther, De oleis vegetabilium essentialibus. Disscrtatio. 
Leipzig 1745. p. 17. 

') Braunschweiger Anzeiger 1754, 1205. 

') Crell’s Chem. Journ. 1778, I. 40. 

’') Arch, dcr Pharm. *2!) (1829), 168. 
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Bley.’) The first elementary analysis of the “celery camphor” 
was made by Blanchet and Sell.’) It was further investigated 
by Loewig and Weidmann/*) 


OIL 0 F CARAWAY. 

Like other related umbelliferous plants, caraway or Carum 
Cam, L t has been cultivated in Europe and Asia since anti- 
quity and used as a kitchen spice. 4 ) With these other umbelli- 
ferous plants, and at times confounded with the one or the other, 
it is frequently mentioned in ancient literature, 5 ) also in mid&’val 
medical books and in the treatises on distillation. During the 
beginning of the 12. century caraway was cultivated by the 
Arabians in Morocco") and Spain.*) About the same time cara- 
way was praised as a medical agent by the abbess Hildegard. s ) 
As such it was introduced into the German medical treatises of 
the 12. and 13. centuries.*) In England caraway was cultivated 
during the 13. century and used as a kitchen spice. 1 ' 1 ) 


’) Trommsdorff’s Neues Journ. der Pharm. 14, II. (1827), 134. 

: ) Liebig’s Annalen <> (1833), 301. 

!1 ) Liebig’s Annalen 32 (1839), 283. ...... 

4 ) See also oil of cumin on p. 109. Plinii Natural, s historic lion. 

1 ib. XIX, cap. 8. Condimentorum omnium stomachi fast id i is cuminum ami- 
ci ssi mum. ... . 

•) Isaiah, 28:25 and 27. Matth., 23:23. - Dioscondis, Ik materia 
medica lihri qiiinquc. Editio Kuhn-Sprengcl. 1829. Vol. 1, p. 40b. — Plinii 
Natural, s historix lihri. Lib. XIX, 49. Editio littre. Vol.l, p. 73b. 
Palladii De re rustics. Lib. XII, p. 51. - Editio Mi sard, Lcs agronomes 1st, ns. 

Paris 1877. p. 486. , 

<>) Edrisi, Description de I'Afriquc c t de ITspagne. Texte arabe avec 
une traduction, par Dory and De Goejc. Leyden 1866. PP- 75, 97, 150 
7 ) Ibn-el-liaitar, Dfami el-mufridat. Translated by Sontheimcr. 1840. 
Vol. 2, p.368. - Leclerc’s translation. Vol. 3, pp. 164, 197, 198. lbn-al- 
Awam, Uvre d‘ agriculture. Translated by Cement-Mullet. 1864. Vol. 2, 


pp. 242 and 244. 

-I Hildegardis Abbatissx Subtilitatum diversarum naturanin, crea- 
turarum lihri novem. Editio Migne. 1855. p. 1158. 

") Pfeiffer, Zwei deutsche Arzneibucher aus dem L. and hi. Janr- 
hundert. Sitzungsherichte der kais. Akad. der Wissenschaftcn in Wien. 1863. 
p 14. (HJser, Geschichtc der Medizin, 1875. Vol. 1, p. 663.) 

“) Meddygon Myddfai. Published at Llandovery. 1861. pp. 158, 354. - 
Rogers, History of Agriculture and Prices in England. 1876. Vol. 1, p.63t 
and Vol. 2, p. 543 -547. 
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In municipal spice ordinances, caraway is first mentioned 
in that of Brugge 1 ) of 1304. It is also enumerated in that of 
Danzig-) of the middle of the 15. century. 

Distilled oil of caraway is first mentioned in the price ordi- 
nance of Berlin of 1574, and that of Frankfurt of 1589, also in 
the 1589 edition of the Dispensatorium Mori cum. 

OIL OF A)OWAN. 

Apparently ajowan :! ) was first brought to Europe in 1549. 1 ) 
In 1693 it was used for medical purposes in London.*) In 1773 
it is mentioned by Percival") of England. 

OIL OF ANISE. 

Anise is one of the spice plants known to, and used during, 
antiquity. It is mentioned in the Vedas and in the Bible. 7 ) The 
cultivation of anise in Egypt and in the Island of Crete is recorded 
in the writings of Dioscoridcs, Columella and Pliny ; H ) its medi- 
cinal use in those of Scribonius Largus, Marcellus Empiricus, 
and Alexander Trallianus. In the 4. century Palladius*') gave 
directions for its cultivation. In 970 Asia Minor and the medi- 
terranean countries 10 ) supplied anise, during the 12. century Spain 
also. 11 ) Trough his Capitulare of 812 Charlemagne stimulated 

‘) Warnkonig, Nistoirc do la Plandrc. 183t>. Vol.2, p.512 and vol. 4, p.449. 

■| Hirscli, Dan rigs Handels- und (icwvrhsgesc/iichte. Leipzig 1858. p. 243. 

) Lliickiger and Hanbury, Pharmacographia. London 1879, p. 503. 

*) Anguillara, Semp/ici Vmcgia. 1561. p. 130. 

r ’) S. Dale, Pharmaco/ogia sc u manuductio ad Materiam mcdicam. 
London 1693. p. 211. 

•) Essays, Medical and Experimental II. (1773), p.226. 

■) Matth., 23:23. In the English version the original is translated as 
anise, whereas Luther translates it with dill. Comp. p. 180, footnote 2. 

1 Dioscoridis l)c materia mcdica libri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p, 405. Columella: Dc re rustica in Nisard's Les agronomes 
I, Urns. Paris 1877. Plinii Haturalis historic libri. Lib. XX, 72—73. 

”) Palladii Dc re rustica libri XIV. Lib. Ill, 14 and lib. IV, 9 In Nisard's 
Us agronomes latins. Paris 1877. pp. 569 and 583. 

IU ) Codex Vindobonensis, sive Abn Mansur Mowafic (Alherri) Heratensis 
liber fundamentarum Pharmacologic. Editio F. R. Seligmann. Wien 1859. p. 21, 

“) Ibn-al-Awam, Livre d'agriculture, translated by Clement-Mullet. 1864. 
Vol. 2, p. 249. 
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the cultivation of anise north of the Alps. 1 ) In 1305 anise is 
enumerated among the dutiable spices in London, 2 ) and toward 
the beginning of the 16. century anise and fennel were cultivated 
in England.*) 

On account of its property to solidify, distilled oil of anise 
has, no doubt, been noticed as long as anise has been used for 
the preparation of anise water. The distillation of the oil was, 
however, first described in the works of Hieronymus Brunschwig, 4 ) 
Ad. Loniccr,') Walter Ryff, 11 ) Conrad Gesncr, : ) Hieronymus Rubeus H ) 
and Porta. 9 ) Valerius Cordus 10 ) in 1540 called attention to the 
ready solidification of the oil. Nearly a century later Robert 
Boyle again described the “butter-like” solidification of anise oil. 11 ) 

In medical books and ordinances anise oil is first mentioned 
in the Pharmacopeia August an a of 1580, the Dispensatorium 
Nor/cum of 1589, and the Berlin ordinance of Matthscous Flacco 
of 1574. 

The first accurate investigations of anise oil were under- 
taken by Th. de Saussure 1 -) in 1820, by Dumas ,:! ) in 1833, by 
Blanchet and Sell 14 ) in 1833, by A. Cahours 1 *) in 1841, by 

') A. Thar, Uberset/ung und FrlSuterung des "Capitulare". In Fiihling's 
Lundwirtschaftliche Zeitung. Berlin. April number 1878, pp. 241- 260. 

■) R. Thomson, Chronicles of London Bridge. 1827. p. 15b. 

! ) Boorde, Dyetary of helth. 1542. - Reprinted for the Early English 
Text Society. London 1870, p. 284. 

4 ) Hieronymus Brunschwig, Liber dc arte destillandi. De simpficibus. 
Anno 1500. fol. 45. 

fl ) See p. 49. 

") Gualtherus Ryff, Hew gross DestifJirbuch. Frankfurt-on-the-Main 
I5b7. fol. 18b. 

7 ) Euonymi Philiatri tin kOstLtheurcr Schatz. Zurich 1555 pp. 227 and 301. 

s ) Hieronymi Rubei Liber de desti/latione, in quo stillatitiorum liquorum, 
qui ad nwdicinam faciuntur, methodus ac vires cxp/icantur. Basilic 1581. 
Cap. 5, pp. 113 and 143. 

") Giov. Bapt. Port# Magiae naturalis iibri viginti. Rom# 1563. p. 379. 

,w ) Valerii Cordi De artificiosis extractionibus liber. Editio Gesner. 
Argentorati 1561. fol. 226. 

**) R. Boyle, Historia fluiditatis. London 1661. p. 15. 

H ) Annal. de Chim. et Phys. II. 13 (1820), 280; Schweigger's Journ. f. 
Chem. u. Phys. 2» (1820), 165. 

* s ) Liebig’s Annalen 0 (1833), 245. 

,4 ) ibidem 6 (1833), 287. 

u ) Ibidem 41 (1842), 56; and M (1845), 177. 
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A. Laurent 1 ) and Gerhardt’) in 1842. Gerhardt called the 
stearoptenc of anise oil anethol and Cahours again pointed 
out the identity of the stearoptencs of anise and fennel oils, 
previously recognized by Blanchet. :! ) 

OIL OF FENNEL. 

Fennel was known to the ancient Chinese, Indians and Egyp- 
tians who used it principally as kitchen spice. No mention is 
made of it in the translations of the Bible. It is frequently men- 
tioned, however, as a garden and medical plant in Roman literature 
at the beginning of the Christian era, 1 ) also in the treatises on 
medicine and distillation of the later middle ages/ 1 ) During the 
latter period fennel appears to have been cultivated and used 
more extensively than anise. 

The oil of fennel has no doubt been known since the time 
of the preparation of the distilled waters. In the 16. century it 
appears to have been introduced along with fennel water as a 
remedy. Its preparation is described by Brunschwig") and by 

') liebig’s Annalen 44 (1842), 313. 

‘) Ibidem 41 (1842), 318; and 4s (1843), 234. - Journ. f. prakt. Chem. 
M (1845), 267 

*) liebig's Annalen 41 (1842), 74. 

') Theophrasti, I 'resit Ope/a qiue supvrsnnf omnia, be causis plan- 
taiam. Edit. Wimmcr. Vol. VI, 10, 3, pp. 16, 18, 94, 101, 310. Dioscoridis, 
be mate/ in medic, t hbri quimpie. Cditio Kubn-Sprengel. 1829 . Vol. 1, pp. 406, 
417. Columella, be re rustic, i in Nisard’s Lcs agronomes Intms. Paris 1877. 
L ib V, cap. 10, p. .303. Plinii Xdnrahs historic hbri XXXVII. Lib. X\. 95, 9b. 
Editio l.ittre. Vol. 1, p. 334 and vol. 11, p. 39. Palladii be re rustica, Editio 
Nisard, Lcs agmnomes iutms. 1877. Lib. Ill, 14, p. 568 and lib. XII, p. 486. 

’’) Capita fare de vilhs et cortis impenahhus $12. Translated and ex- 
plained by A. Tha'r in luhling's Land# irtschaftliche Zeitung. April number 1878, 
pp. 241 260, Walafridi Strabonis Hortnfus. In Choulant’s Macer Floridan, 
be viribus herbnruni. 1832. p, 148. - Ibn-al-Awam, Livre d'agriculture, trans- 
lated by Clement Mullet. 1864. — Ibn-Baitar, Sam/nlung der ftohstoffe. Editio 
l eclerc, Trade des Simples. Paris 1881. Vol. II, p. 164. — Hildegardis Abba tissue 
Subtifitatum di\ ersarum naturarum creaturarum Hbri novem. Editio Migne. 
1855. 1 ol. 1 154 and 1 156. Pfeiffer, Zxvei deutsche Ar/neibdcher aus dem 12. 
and 13. lahrhundert. Sit/nngsber. der Lais. Akademie der Wissensch. m Wien. 
4i (1863), 142. (Ha*sers (Jesduchte der Medicin. 1875. Vol. 1, p.663.) 

") Hieronymus Brunschu ig , Liber de arte destif/andi. be simplidbus. 
1500. fol.47. 
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Porta. 1 ) In the municipal ordinances of drugs and spices it is 
first mentioned in that of Berlin of 1574 and of Frankfurt-on-the- 
Main of 1582; also in the Pharmacopeia Augustana of 1580 and 
the Dispensatorium Noricum of 1589. 

Early investigations of fennel oil were made in 1 779 by Heyer a ) 
of Braunschweig, in 1792 by Gertinger) of Eperics in Hungary, 
and in 1793 by Gottling of Jena and by Gicse of Dorpat. Further 
observations, which like the above deal mainly with anethol, 
were made by Buchner 4 ) and by Gcebel. Blanchet and Sell*') 
recognized in 1833 the identity of the stearoptenes from fennel 
and anise oils. This observation was corroborated in 1842 by 
Cahours/') Wallach investigated fcnchonc, a body characteristic 
of fennel oil, and which possesses considerable theoretical interest 
on account of its similarity to camphor. 

OIL OF LOVAGE. 

As a kitchen spice, and possibly also for medicinal purposes, 
lovage was cultivated and used by the Romans/) Its cultivation 
north of the Alps was no doubt caused by Charlemagne’s Capi- 
tu/arc of 812. About the same time, the utility of the plant was 
praised by Walafricd Strabo and Macer Ploridus.'*) The German 
medical treatises of the middle ages, beginning with that of the 
abbess Hildegard of the 12. century, make mention of lovage 
under various, partly corrupted names. In the treatises on dis- 
tillation, the distillates of lovage arc likewise mentioned.®) 

') Giov. baptists Port® De destination v fibri IX. Rom® 1563. p. 379. 

*) Crell’s Chem. Journ. 8 (1780), 102. 

•’) Gottling’s Almanach fur Scheidekiinstler und Apotheker 14 (1793), 149. 

■*) Buchner’s Repert. f. die Pharm. 15 (1823), 163. 

■’) Liebig’s Annalen <> (1833), 287. 

") Liebig's Annalen 41 (1842), 74; and Joum. fur prakt. Chem. 24 (1841), 359. 

; ) Dioscoridis, De materia medica libri quinque. Editio Kuhn-Sprcngcl. 
1829. Vol. 1, p. 400. Columella: l) c re rustica libri XII. Lib. XII. 51. 
Meyer, Geschichte der Botanik, 1855. Vol. 2, p. 74. 

*) Walafridi Strabonis Hortuhn >. In Choulant’s Maccr Floridus, De 
viribus herbamm una cum Walafridi Strabonis, Othonis Cremonensis et 
Joannis Folcz carminibus simi/is argument /. Lipsi® 1832. pp. 141 -156. — 
Meyer, Geschichte der Botanik. 1855. Vol. 3, p. 425. 

") Hieron. Brunschwig, Liber de arte desti/landi. De simplicibus. 
1500. fol. 70. 
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The oil distilled from the root appears to have come into use 
about the middle of the 16. century. It is mentioned as Oleum 
Levi slid in the price ordinance of Frankfurt-on-thc-Main of 1587, 
and as Oleum Ligustici in the 1589 edition of the Dispensatorium 
Noricum. 


OIL OF ANGELICA. 

Angelica appears to have first come into use as a spice 
plant during the 15. century, 1 ) and was no doubt first used for 
the preparation of the distilled angelica water, the preparation of 
which is described in BrunschwigV) and in later treatises on dis- 
tillation. 

The distilled oil of the roots was not prepared until the se- 
cond half of the 16. century and is first mentioned in the price 
ordinance of Frankfurt in 1582 and in the Dispensatorium No- 
ricum of 1589. 

Oil of angelica root was investigated by L. A. Buchner 1 ) 
in 1842, by F. Bcilstcin and E. Wiegand in 1882/) by L. Naudin 
in 1883/') and by G. Ciamician and P. Silbcr in 1896.' 1 ) 

OIL OF ASA FCLTIDA. 

Asant or asa fwtida was used during antiquity as a spice and 
as a medicament. As such it is mentioned in Sanskrit and other 
writings, e. g. in the Susruta (Comp. p. 16). The Egyptians and 
Hebrews do not appear to have used it. According to Garcia 
(De aromatibus), the silphion of the Greeks, and the laserpitium 
of the Homans, arc identical with asa fwtida. 1 ) Among the 
later references it is first found in the writings of the Persian 

’) Valerii Cordi Histonu de plantis. Lib. XI, cap. 135, fol. 158. 
Pluckier, Dokumente mr tiesiliichte dvr Pbnrmaz/e. 187b. pp. 23, 46, 54, 
63, 72, 83, 85. Petri Andrea 1 Matthioli Commentarii in sex libros Ped. 
Dioscoridis, De materia medial Vcneti 1554. fol. 1 169. 

) Hieronymus Brunsehwig, Liber de arte destillandi. De simplicibus. 
1500. fol. 20. 

*) Buchner’s Report, f. d. Pharm. 7« (1842), 167. 

*) Berl. Berichte 15 (1882), 1741. 

u ) Bull. Soc. chiin. II. 3» (1883), 114. 

“I Berl. Berichte 2# (I8*J6), 1181. 

*) Sigismund, D/e Aromata. Leipzig 1884. p. 45. 
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geographer Istachri 1 ) of the 10. century, and those of the Sicilian 
geographer Edrisi-) of the 12. century. It is also mentioned as 
medicament in the writings of lbn Baitar 1 ) of the 1 1. century, and 
of Platearius 4 ) of the 12. century. In a tariff list of Pisa of 1305 
asa foetida is mentioned as an article that is imported from 
Aden via the Red Sea and Meditteranean route. 5 ) Its geographic 
source and botanical origin were first ascertained in 1684-1685 
by Adalbert Ka?mpfer 8 ) of Lemgo. 

In the mediaeval treatises on distillation, asa hvtida is not 
used by itself, but as an ingredient in the distillation of spiri- 
tuous balsams.*) The volatile oil of asa fwtida is apparently 
first mentioned in the price ordinance of Strassburg of 1685. 

OIL Of : GALBANUM. 

Orientiai people, among them the Israclitis, first used gal- 
banum in incense offerings and for fumigations.'') It was known 
to Theophrastus") and Virgil. 1 '') Dioscoridcs 11 ) and Pliny 11 ) 

') Istachri, Bitch der Under. Translated by Mordtmann. Hamburg 
1745. p. lit. 

*) Geographic d’Cdrisi, translated by A. Jaubert. Vol. 1 (183b), p. 450. 
Meyer, Geschichte dvr Botanik, 185b. Vol. 3, p. 298. 

*) lbn Baitar, Truitt dcs Simples. In Notices et extraits dcs Manu- 
scripts de la Bibliothbque nationale, Paris. Vol. 1, p. 447. Leclerc, 
Histoire de la mddecine arabc. Paris 1874. Vol. 1, p. 553. 

') Matth. Platearius, Liber de simpli medicina. (Circa installs.) In 
L. Choulant, Handbiwh der liiicherkunde fur die altere Medizin. Leipzig 
1841. p .299. 

r 1 Bonaini, Statuti inediti della citt'a di Pisa. 1857. Vol. 3, p. 106. 

") Kacmpfer, Amcenitatum exoticarum fasciculi etc. Lemgovix 1712. 
p. 535- 552. 

7 ) Conrad Gesner, Anderer Theil de . s Schatzes Euonymi von alter- 
band kiinstlicben und bewerten Olen etc. Published by Caspar Wolff. Zurich 
1583. fol.163. 

s ) Exodus, 30:34. — Ecclesiastics, 24:21. 

fl ) Theophrasti Historia plantanim. Lib. IX. Cap, 1 and 2. 

10 ) Virgilii Georgies. Lib. III. p. 415. 

Disce et odoratam stabulis accendere cedrum, 

Galbaneoque agitare gravi nidore chelydros. 

11 ) Dioscoridis Be Materia medica lihri. Lib. Ill, 87. Editio Kuhn- 
Sprengel. 1829. Vol. I, p. 437. 

w ) Plinii Naturalis historic libri. Lib. XII. Cap. 25 and 56; and Lib. XXIV, 
Cap. 5 and 13. 

GlLUtMtlSTER, The volatile oils. 12 
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mention Syria as its source. In 1 76 A. D. galbanum was one 
of the dutiable Indian spices passing through Alexandria. 1 * * ) 

During the middle ages galbanum is enumerated but spar- 
ingly in literature. It is one of the spices enumerated as being 
in possession of King James of France while a prisoner in 
England/) In 1503 it is mentioned as one of the articles of 
commerce between Venice and London,") and again in 1581 in 
one of the French tariff lists. 4 * * ) however, in medical literature 
of the early middle ages, also in Arabian literature, galbanum is 
frequently mentioned both as spice and as medicament. 

Distilled oil of galbanum was prepared by Walter Ryff, ft ) by 
Conrad Gesner,") and by Hieronymus Rubeus. 7 * * ) It was included 
in the 1580 edition of the Dispensatorium Noricum and in the 
Pharmacoptva Augustana of 1580, and was mentioned in apo- 
thecary and spice ordinances about 1560. Early cursory investi- 
gations of the oil were made by Caspar Neumann") about 1728, 
by Walter”) in Leipzig about 1744, by Fiddichow 10 ) in 1815, and by 
W. Meissner' 1 ) in 1816. 


OIL OF GUM AMMONIAC. 

The air-hardened gumresin of Doivma ammoniacum , Don. 
(Pcucvdanum ammoniacum, H. Baillon) and of several species 
of ferula, produced by the puncture of insects, was used during 
antiquity for incense, for embalming and, in all probability, for 

l ) Vincent, Commerce mid Navigation of the Ancients in the Indian 
Ocean. I.ondon 1807. p. 002. - Meyer, Ceschichte der Hotanik. 1855. 
Vol. 2, p. 107. 

T Douet d'Arcq, Comptes de f'Argentvrie des rois de France. 1851 . p. 230. 

!t ) Pasi, Tariff a de f J esi e Misnre. Venetia- 1503. fol. 204. 

4 ) l ontanon, Fid/cts etOrdonnances des roisde Trance. 1585. Vol. 2, p.388. 
■’) Gualthcrus Ryff, New gross Destiflirhuch. 1 545. fol. 1 70. See also p. 48. 

”) See P* 53. Luonymus Philiatrus, fzm kOstlicher theurer Schatz. 
1555 p. 237. 

: ) Hieronymi Rnbei, Liber de destillatione. Basilix 1581. Cap. 5, p. 148. 

') Caspar Neumann , Chymia medica dogmatico-experimentaUs. Kditio 
Kessel. 1740. p.422. Ziimnermann, Prxlectiones chemicae. Berlin 1740. p.853. 

") A. h Walthcr, Lie oleis vegetahihum essentiafibns. Dissertatio. 
Lipsia: 1745. 

lu ) Berl. Jahrbucb der Pharm. IHlfi, 230. 

"> Irommsdorffs Noues Jouni. der Pharm. 1, I. (1817), 3. 
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medicinal purposes as well. In ancient literature both the plant 
and the gumresin are mentioned repeatedly. Both Dioscorides 1 ) 
and Pliny' 2 * ) mention that the gumresin was named after that of 
the temple of Jupiter Ammon in the Libyan desert in the neigh- 
borhood of which it was produced. Dioscorides' description seems 
to harmonize with that of Ferula marmarica , Aschcrs et Taub., 
found in Barka (Cyrenaica). Later the African gumresin was 
replaced by that from Dorema ammoniacum, Don. Hence the 
translators of Dioscorides into Arabian, some of whom were 
Persians, erroneously applied the Persian name Uschaq also to 
the African gumresin.") One of the earliest mentions of ammo- 
niac is to be found in an Alexandrian tariff list for Indian goods, 
which was compiled during the years 176 to 180 A. D. under 
the emperors Marcus Aurelius and Commodorus. 4 ) Persian ammo- 
niac is mentioned as medicament under the Persian name Uschaq 
during the 10. and 11. centuries in the writings of the physicians 
Isaac Jud&ms A ) and Alhcrvi in Bochara. 5 * ) Other ancient medical 
treatises, among them those of Scribonus Largus, Alexander 
Trallianus, and others, mention the gumresin as a current drug. 

The oil of gum ammoniac was distilled by Walter Ryff, 7 * * ) Val. 
Cordus, and Conrad Gcsncr.*) It is included in the L'rankfurt tax 
for the year 1587, and in the Dispcnsatorium /Soricum of 1589. 

The earlier investigations were made by Buchholz") of Erfurt 
in 1808, by Calmeyer 10 ) of Hamburg in 1808, by H. Braconnot 11 ) 
in 1809, and by Hagen 1 -) of Konigsbcrg in 1814. 

l ) Dioscoridis l)e materia medica libri quinqtic. Cditio Kiihn-Sprcngel. 
1829. Vol. I, p.439. 

*) Plinii Naturalis historic libri. Liber XII, cap. 25. 

!l ) O. Stapf, Kew Bull. 11H>7 (Mo. 10), 375. Report of Schimmel & Co., 
April 190N, U. 

4 ) Meyer, Gescbichte der fiotanik. 1855. Vol. 2, p. 167. 

•’) Isaaci Judaci Opera omnia. Lugduni 1515. Lib. II. Cap. 44. In 
Choulant's Handbueh der Bueherkunde fur die Altere Medicin. Leipzig 1841. 

") L". R. Seligmann, Codex Vindobonensis. Liber fundamentorum Pbar - 
nmcologiae. 1830. p. 35. 

; ) Gualtherus Ryff, New gross Desti/lirbuch. 1 567. fol. 1 77b. See also p. 46. 

") See p. 53. Euonymi Philiatri Ein kOstlicher then re r Schatz. 1555. p. 237. 

f ’) Buchholz, Taschenbuch fur Scheidekunstler und Apotheker IKON, 170. 

10 ) Trommsdorff’s Journ. der Pharm. 17, II. (1808), 82. 

“) Ann. de Chim. 8b (1808). - Trommsdorff s Journ. d. Pharm. IK, I. (1809), 202. 

n ) Berl. Jahrbuch der Pharm. 1K1.», 95. 


12* 
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OIL OF DILL 

Dill was known during antiquity.') With other kitchen spices 
the dill plant is mentioned in Sanskrit literature, and in the Bible.-) 
Like that of fennel, anise, and caraway, its cultivation was early 
extended over the countries of Europe. It was cultivated in 
England as early as the 10. century.*) 

In the treatises on distillation of the 15. and 16. centuries 
the distillation of dill is mentioned frequently. 4 ) In German drug 
and spice ordinances dill oil is first mentioned in that of Frankfurt- 
on-thc-Main of 1587. 


OIL OF WIMTERGREEM. 

The distillation of oil of wintergreeir) was probably begun 
in the first decades of last century along with that of sassafras 
bark (p. 120) and birch bark (p. 118) in the states of Pennsylvania, 
Mew Jersey and Mew York. At first these aromatics were used 
for chewing, later for the preparation of refreshing beverages 
and home remedies, and especially for the much used, socalled 
blood purifiers. After the production of these volatile oils had 
been made a success they were often used instead of the 
aqueous extracts of the drugs. This use is of considerable 
importance to the history of the introduction of wintergrecn and 

Dioscoridis I) c matetia mediat hbri quinquv. Editio Kuhn-Sprengel. 
IS*). Vol. I, p. 405. 

’) Matth., 23:23. In English translations of the Bible, since the days 
of Wycklif |1J80|, the Greek «>n%n has been translated as anise. Luther 
translates it more correctly as dill, which is always meant in Greece when 
is used. (liingkavel, HoUmikdct spatcrcn (Jneclwn. Berlin 1866. p. 39.) 

•') Hcrhatium Apuleii. In Leechdoms, Wortcunning and Starcraft of 
early England, edited by Cockayne. London 1864. Vol. 1, pp. 219, 235, 237, 
281, 293. - Popular Names of British plants. London 1870. 

*) Hieronymus Brunschwig, Liber de arte destiliandi. 1500. Fol. 40. 

’’) Upon the suggestion of Kalm, after his return to Sweden, Linne named 
the plant (Jaultheria procumbcns in honor of Dr. Gaulthier, a French physician 
and botanist in Quebec, w hom Kalm had met in 1749. Kalm, who had obtained 
herbarium specimens of the plant from |ohn Bartram of Philadelphia, w'ith 
the latter regarded it as a species of Trientalis. (Peter Kalms fteisc nach 
dern ntirdlidicn iSordamcrika im fahre 1748—1749. Gottingen 1754. Vol. 3, 
pp. 283, 421, 477, 515 and 533.) 
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sassafras oils, in as much as both of these were used as popular 
remedies (socalled patent medicines) in the United States since 
the beginning of last century. The preparation and use of these 
remedies soon became general, and with it came a greater demand 
for these oils. Wintergrccn oil was especially in demand for the 
preparation of one of the oldest popular remedies in the United 
States, namely Swaim’s Panacea, 1 * * ) introduced in 1815, which at 
that time had an enormous sale and in the efficiency of which 
great confidence was placed. 

Wintergreen oil does not appear to have been used for 
other purposes at that time. The first mention of it in literature 
is found in a botanical work published in 1818 by Bigelow,-) a 
physician of Boston. In it, gaultheria oil is mentioned as a staple 
article of the drug stores. He further states that this oil occurs 
also in Spiraea ulmaria, the root of Spiraea lobata, and espe- 
cially in the bark of Betula lenta. In pharmacopoeias, the oil 
was first taken up in that of the United States of 1820. The 
medicinal use of the oil, however, did not become general until 
1827, when the New York Medical Society made known its use 
in the preparation of the popular specific mentioned above. 11 ) 

Although the similarity of the volatile oil from Gaultheria 
procumbens , L., to that from the bark of lietula lenta , L., was 
known before 1818,-) the identity of their principal constituent 
was shown scientifically in 1842 by Wm. Procter jr. 4 ) of Phila- 
delphia and in 1844 by A. A. Th. Cahours'’) of Paris. From that 
time on the oil was no longer distilled exclusively from winter- 
green, but often from this together with birch bark, or only from 
the latter. The oil came more and more into use as an aromatic 
for pharmaceutical and cosmetic preparations, for beverages and 

l ) This remedy was an imitation of the Rob dc Laffectcur, a secret 
remedy exploited with great success by the Parisian apothecary Boiveau at 
the beginning of the last century. Swaim, a bookdealcr in Philadelphia, had 
been cured by this remedy. He succeeded in securing the formula, and 
after substituting gaultheria oil for sassafras oil, he introduced it into com- 
merce. (Pharm. Review IB [1898], 179.) 

*) Jacob Bigelow, American Medical Botany. Boston 1818. Vol. 2, p. 28. 

’) Pharm. Review 16 (1898), 179. — Americ. Journ. Pharm. 8 (1831), 199. 

4 ) Americ. Journ. Pharm. 14 (1842), 21 1. — Liebig's Annalen 48 (1843), 66. 

A ) Annal. de Chim. et Phys. III. 10 (1844), 327-358 and Liebig’s Annalen 
48 (1843), 60 ; 52 (1844), 327. 
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medicinal remedies, 1 ) and thus became an important article of 
commerce. 

As artificial oil of wintergreen, methyl salicylate has been 
produced on a commercial scale by Schimmel 8| Co. since 1886. It 
was made officinal in the 1890 edition of the U. S. Pharmacopoeia. 

OIL OF ROSEMARY. 

Rosemary was greatly esteemed by the Greeks and Romans, 2 ) 
and also by the Arabians. 11 ) Like the laurel, rosemary was 
employed by the former as a decorative plant in religious rites 
and in hero cult. In as much as the plant was not used for 
medicinal or other practical purposes, rosemary was given but 
little attention in midaeval literature. However, it received 
prominent mention in the Capitular v of Charlemagne of 812; 
among the seventy-three economic plants recommended therein 
also in the drug inventory of Platearius 4 ) of the 12. century. 

The first mention of the distillation of rosemary is found in 
the writings of Arnoldus Villanovus’) of the 13. century. He 
distilled, probably for medicinal purposes, turpentine oil and 
rosemary oil. An alcoholic distillate of both oils or of rosemary 
only was in use for centuries as the first popular perfume under 
the name of Hungarian water.") The distillation of the oil is 
described more fully by Raimund Lullus, 7 ) a disciple of Villanovus. 

‘) New York Medical Record ±! (1882), 505. — Squibb’s Ephemeris 
(New York) 8 (1892), 930. 

*) Dioscoridis I)v materia nwdica lihri quinque. Editio Kuhn-Sprengel. 
1829, p. 424. 

J ) Ibn el Baitar, Liber magnat coHectionis sirnp/idum alimentorum et 
medicamentorum. Translated by |os. Sontheimer. Stuttgart 1840. Vol. 1, p. 73. 

*) Mattha.*i Platearii Liber de simphci medidna. In Choulant’s Hand- 
bitch der Bucberktmde fur die diterc Medizin etc, Leipzig 1841. p. 229. 

') Amoldi Villanovi Opera omnia, Cap. De vinis. Veneti 1595. p.589 to 590. 

") Pp. 30 and 66. — Sapata, Mirahilid seu secreta medico-chirurgi per 
D. Spleissium. Ulm 1896. p. 49, 

7 ) Postquam singutorum individuorum dictorum ienlissimu igne aquae 
destil/atae fuerit, amoto priori rccipientc aquatn destii/atam optime occ/u- 
sam servabis et annexo aftem recipiente augebis ignem ut deinde destillet 
oleum cuf usque, quod proiidas, quia nihil valet, excepto eo quod e rore 
marina extraxeris, quod servabis, cum in se aliquid virtutis contineat. — 
Raimundi Lulli Experimenta novissima. In Magnet’s Bibliotheca chemica 
cutiosa. Geneva; 1702. Vol. I, fol. 829. 
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Oil of rosemary was a much used oil in the middle ages, 

and is often mentioned in the writings of that period. It is 
described in the index of the Compendium of Saladin’) at the 
end of the 15. century and in the works of Brunschwig, 3 ) Ryff,*) 
Gesner, 4 ) Porta,*) and others, and is mentioned in drug and spice 
ordinances of the 15. century. In several of the treatises on 

distillation, and in medical works of the 14. and 15. centuries, an 

cmpyreumatic oil of rosemary is also mentioned.") 

One of the first investigations of rosemary oil was made in 
1720 by the Parisian apothecary Cl. ). Geoffrey/) A century later 
it was more fully investigated by Th. de Saussurc,') and in 1837 
by Kane. 9 ) In 1734 Cartheuser 10 ) determined the yield of oil. 

The so-called rosemary camphor was first noticed in 1685 
by Joh. Kunkel ll ) of Berlin, and a century later (1785) by Arczula 13 ) 
of Cadiz. Proust 1 ") prepared it in 1800. 

OILS OF LAVENDER AND SPIKE. 

Originally the oily distillates from the several species of 
lavender were all designated spike oil. It was not until the close 

l ) Saladini Asculani Compendium aromatariorum. Venet. 1488. Index. 

*) See p. 39 and 47. 

s ) Gualtherus Ryff, /Yew gross Dvstillirbuch. 1545. p. 186. 

') Page 52. * Euonymi Philiatri tin kdstlicher theurer Schatz. 1555. 
pp. 226, 249, 273. 

ft ) |oh. bapt. Porta Magiae natural is lib, viginti. Liber de destinations, p.385. 

") Christ. Lindner, De olein desti/latis empyreumaticis. Dissertatio, 
Francofurti ad Viadrum. 1744. 

7 ) M6moires de I'Acadtmie des sciences de Paris. 1721. p. 163. 

") Annales de Chim. et de Phys. II. 18 (1820), 278. 

”) Transact, of the Royal Irish Acad. 18, 135. - Journ- f. prakt. Chem. 
15 (1838), 156. 

l0 ) Fr. Cartheuser, tlementa Chymiae dogmatico - experimental^, una 
cum synopsi Materia! medicae selections. Hala? 1736. II. p. 83 and 106. 

“) Joh. Kunkel, Probierstein. tunf curiose chymische Tractatlein nebst 
einer Vorrede. Frankfurt-on-the-Oder and Leipzig 1721. p. 397. "Mein gn&dig- 
ster Kurf first hat mir einsten des alten verstorbenen ThurnhSusers Apothek 
geschenkt, darinne noch vie/e Olea destillata seynd, die noch so frisch, als 
wenn sie diese Stund desti/firet w&ren. Darunter ist ein G Ostein mit oleo 
Anthos, darinne ein Sal angeschossen ist," 

«*) Page 74. — Arezula, Resultado de las experiences hechaa sobre el 
alcanfor de Murcia con licencia. Segovia 1789. p, 8. 

“) Trommsdorffs Journ. der Pharm. 8, II. (1800), 221. 
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of the 16. century that a distinction was made between spike oil 
and lavender oil. 1 * * * * * ) 

In all probability, Lavandula Stcechas, L., which is indigenus 
to the Mediterranean coast lands, and which is characterized by 
its aromatic violet-red inflorescence, was first used in the dis- 
tillation of spike oil. 

The spike or stoechas oil-) mentioned in the writings of 
I)ioscoridis, :i ) Pliny, ') Scribonius Largus/’) and their con- 
temporaries was, in all probability, only an aromatized fatty 
oil, like rose, spikenard and other aromatic oils used during 
antiquity.' 1 ) 

It is not at all improbable that the Phoccans, Greek colo- 
nists from Asia Minor, who about 600 B. C. colonized the coast 
of the Bay of Lyons and founded Marseille, brought with them 
Livandula Stwchas as well as other native plants and in- 
troduced them into southern Prance, whence they soon spread 
over Spain. Apparently the L Stwchas was used together 
with the spike (1.. Spica) during the middle ages, whereas 
lawndula vera and Luvndula Inti folia 7 ) were used later. 
Indeed, the name Lavandula had its origin in Italy during the 
later middle ages. 

Spike, occasionally designated narde, was used during the 
early middle ages by the physicians of the Alexandrian School. 
In European medical treatises we find it recommended by the 

I . de Gingins-l assaraz, Histoirv des Lavandvs. Geneva and Paris 182b. 

,J ) Because of the supposed similarity in odor, Livandula Stivchas, which 
was used during antiquity, was confounded with Nardostachys jatamansi, D. C., 
the rhizome of which was likewise prized as a spice and as an incense. The 
latter was named ISardus indica, the former Spica ISardi . During the middle 
ages, the former was also designated ISardus italica and Nardus celtica. In 
the pharmacopoeias the flowers of this plant were known as Flores stcechados 
arahiav. (Camerarius, Hortus medicus et phihsophicus. Francofurti 1588. 
p. 164.) See also Nardostachys. 

Dioscoridis, De materia medica libn quinque. Editio Kuhn-Sprengel. 
\m Vol. I, pp. 15, 17, 35, 40, 62, 508, 542. 

') Plinii Naturalis historic Ubri XXXVII. 

a ) Scribonii Largi Compositiones medicamentorum. Editio Helmreich. 
Leipzig 1887. p. 72. — Meyer, Qcscbicbte dcr liotanik. 1855. Vol. 1, p. 33. 

") See p. 37, 137 and N5. 

■) M. Platearius, Liber de simp/ici medicina. (Circa instans.) InChoulant, 
Mandbucb der liuchcrkunde fur die Slterc Medizin. 2. ed. Leipzig 1841. p.299. 
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Abbess Hildegard 1 ) for the preparation of an eye remedy. As 
early as the 14. century, spike as well as narde flowers were used 
for filling pillows for healthy persons as well as the sick/) Brun- 
schwig refers to spike as to a universally known plant.') 

The distilled spike or spikenard oil was probably known in 
the 15. century. As Oleum de Spica from the Provence, 4 ) it is 
the only distilled oil, besides cedar (turpentine) oil, mentioned 
by Hieronymus Brunschwig in his Destillirbuch of 1500. Saladin 
also mentioned spikenard oil at the end of the 15. century. 1 >) 

In his Dispensatorium Noricum of 1543 Valerius Cordus 
mentioned only three distilled oils: turpentine oil, juniper oil and 
spike oil.' 1 ) Ryff described in his treatise on distillation, published 
somewhat earlier, the distillation of “Spik und anderen furnemen 
O/en ", and added the statement that, “dasSpiken- odvr l.avendelof 
gcmcvgklich aus der Provinz Frankreich gcbracht wird in 
klcincn g/asslin eingefasst und theuer verkaufft V) In the 
16. century the several species of lavender were cultivated in 
Germany s ) and in England.'*) 

Conrad Gcsncr used the name spike oil only and described 
the distillation of the spike blossoms, 10 ) whereas Giovanni 

*) Hildcgardis Abbatissa: Subtihtatom diversarum naturarum, crcatur- 
at urn iibri novem. Editio Migne. 1855. pp. 1140 and 1143. 

’) Douet d’Arcq, Comptes do I' Argent eric des mis de trance. 1874. 
Vol. 2, p. 148. 

*) Hieronymus Brunschwig, Liber de arte dcstil/aridi. De simplicibus. 
1500. fol.72. 

’) Ibidem fol. 72. - See p. 3*4. 

') Saladini Compendium aromatariorum. Venet. 1488. Index. 

") Dispensatorium Noricum. Autore Valerio Cordo. Editio Paris 1548. 
p. 439. tlx majori lavendula quae spica vocatur, apud nos majoribus sumpti- 
bus fit quam in Gattia Narbonensi, idco pottos emendum est a mercatoribus 
qui ilfud e Gattia aftcrunt. 

') Gualtherus Ryff, New gross DestiUirbuch. fol. 186, Compare 
also p. 4b. 

') Conrad Gesner, De hortis Germanic liber rcccns. Argentorati 1561. 
fol. 264. 

*) Meddygon Myddfai. Edit. John Pughe. Llandovery 1861. p. 287. 

I0 ) „Die Blumlein der Spikcn oder des Uvanders soft du eine kune 
zeyt tang sonnen in einer grossen gISsinen retorte und darnach ein wasser 
in einem Alemhik darvonnen destifliren und abziehen. Dieses Wasser durcb 
den ganzen Sommer gesetzt an eine warme statt an die Sonnen so treybt 
fur und fur 6t iiber sicb, welches 61 du atlwSgen so/t von dem wasser 
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Baptista Porta, 1 ) at the end of the 16. century, described also 
the distillation of lavender blossoms and especially emphasized 
the superiority of the oil from the French lavender. 

An interesting description of the preparation of the French 
spike or lavender oil is contained in a treatise published in 1773 
by )oh. Frances Demachy, 4 ) who was director of the laboratories 
of the Paris municipal hospitals. In its essential features this 
description corresponds with that quoted an p. 48. 

svpancrcn und absundern mit einem faderlin und dasselbe fleiyssig behaf im 
einer glSsinen gutteren (Elasche) wohf vermachet und verstopfet." Thesau- 
rus fiuonymi Philiatri Pin khstlicher tbeurcr Scbatz. Zurich 1555. p. 222. 

') G. B. della Porta , Nagix natural is libri viginti. Liber de destil- 
latione. Roma: 15t>7. fol. 87. . . c spied fragrantior excipitur, est illud 

quod ex ( iailia proven it." — Ibidem p. 54 and 78: “ tanta odoris fragrantia 
ut omnes flares odoris jucunditate provocet." 

') , .Dieses Of, welches fast ebenso gemein ist, uls das Terpentintil, 
nut derti es fast idle Schriftsteller verwcchseln, oder in Verdacbt gestanden 
hahen, es werde damit veifalscht, wird aid freiem Eeldc von Schafern und 
undvren Hirten in Languedoc und Provence verfertigt ." 

„Wenn die Gattung Lavendel, wilder Lavendel odei Aspic genannt, 
welcher auf thigeln und Wiesen dieser Pruvinzen haufig w/ichst, in Bliite 
ist, gehen die Schafer zur Stadt uni hei den Kaufleuten, die mit dem Ole 
handeln, eme grosse kupferne Blase und verzinntern Hute, und eiriem etwas 
hohen Dreifuli / u holen. Sie lagern sich in einer Wiese neben einein Bache 
und destdliren das Spiktil folgender Gestalt. Sie schneiden die bhihenden 
Spitzen der Spike ah, fiillen die Blase damit, gielien Wasser hinzu, setzen 
den Hut dicht auf, /.linden mit trockenen Brautern ein gutes Tetter unter 
dem Dreifuss, und fangen in einer grossen glasernen Tlasche dasjenige auf, 
was strahlings he ruber lautt. Wenn sie heriiber gezogett haben, was die 
Hrfahrung ihnen gelehrt hat, wieviel die Ladling einer Blase giebt, so leeren 
sie sie ans, fiillen nut frischen Bln men und fangen wieder an zu destillieren. 
Sie tun dies von Ort zu Ort bis die BUitezeit voruber ist. Sie hi lien das 
abgesonderte Ol in lederne Schlduche. Wenn der Sommer voruber ist, 
kommen die DestiUateure 7 u Stadt, uberliefem ihren Apparat dem Eigen- 
turner und verkaufen ihm zu sehr massigem Preise die Erucht ihrer Neben- 
stunden, welcher rciner Profit fur sie ist. Sie lassen zuweilen absichtlich 
Wasser im Ole, was man ihnen fur Ol hezahlen wiirde, wenn man nicht die 
Vorsicht brauchte, die Schl&uchc einige Tage aufgerichtet liegen zu lassen, ehe 
man das Ol ausfiillt; Off net man nun, so kommt das Wasser zuerst heraus." 

„Dieses Ol ist im Geruche nicht eiris der feinsten, dennoch aber vom 
Terpentindle durch eine gelbliche Earbe und seinen Lavendelgeruch ver- 
schieden. Die EimiGmaler brauchen viel davon." 

). F. Dcmachy, Vart du destillateur des eaux fortes. Paris 1773. German 
edition l.aborant im Grossen by Sam. Hahnemann. Leipzig 1784. Vol. 1, p. 250. 
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In medical works Oleum spicee was mentioned as early 
as the 14. century. 1 ) In was included in the first edition of the 
Dispensatorium Noricum of 1543. Oleum lavandula is also 
mentioned, together with spike and other essential oils, in the 1589 
edition. The Pharmacopoea Augustana of Occo, contains up to 
1613 only Oleum spicae; from that date on also Oleum lavandula?. 

Spike oil is mentioned in the oldest drug and price ordi- 
nances of German cities; Oleum lavandula? , however, is not 
found until 1582 in the Frankfurt ordinance. 9 ) 

The statements of Demachy and other writers of his time 
agree with the assertions of later authors, that the spike oil 
found in commerce in the 18. century was probably only a dis- 
tillate or mixture of turpentine and lavender oils. 11 ) 

The yield of oil from the distillation of spike and lavender 
blossoms appears to have been first mentioned by W. Lewis, 4 ) 
also by Fricdr. Cartheuser/') The so-called “lavender camphor” 
was observed in 1785 by Arezula, 0 ) and in 1800 by Proust. 
The first investigations of lavender oil were made by Saussure. 7 ) 


OIL OF SAGE. 


Sage appears to have been used as a medicinal herb at the 
time of the Romans K ) and was one of the plants recommended by 
Charlemagne for cultivation.") In the “Destillirbuch by Brun- 
schwig of 1500 a distinction is made between large and small sage 10 ) 


«) Pfeiffer, Zwei deutsebe Arzneibiicher des 12. und /»?. Jahrbundcrts. 
In Sitzungsberichte der Wiener Akad. der Wissmch. «. Vol. 42, p. 124. 

*) Register allcr apothekischcn Simplicien und Compos, ten, so m den 
beiden Hessen zu Frankfurt a. M. durcb die Materiatisten, Hauffleut, Wurzel- 
trager, Rrautter, aucb durch die Apotbeker daselbst ™rkaufft werden. 1582. 
») Dulk, Commentary r Pharmacopoea Borussica. 3.ed. 1833. Vol. 

4 ) Wm. Lewis, The new Dispensatory. London 1746. 

") F. Cartheuser, Flementa chymioe dogmatico-cxpcnmentahs. Hal* 


1736. Vol. 2, pp. 133 and 149. . . 

") Arezula, Resultado de las experienaas bechas sobre alcanfor de 

Murcia non Ucencia. Segovia 1789. 

-•) Annal. de Chim. et Phys. 4 (1790), 318; 13 (1792), 273; 49 (1804) 159. 
<) Theophrasti Historiaplantarum. Lib.VI, cap.2. - Dioscor.d.s De materia 
medica Jibri quinque. Editio Kuhn-Sprengel 1829. Vol. I, p.381. Vol. 2, ,p.5 . 

") Capitu/are de vilfis et cortis imperia/ibus. Anno 812. Translated and 
explained in Fuhling’s Landwirtschaftl. Zeitung. April number 1878. pM41 to 260. 
l0 ) Brunschwig, Liber de arte destillandi. De simphcibus. 1500. fol. 103. 
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for the distillation of sage water. Furthermore a species of 
Eupatorium, the Kunigundenkraut, is referred to as wild sage 
and directed to be distilled. 1 ) 

The distilled oil of sage 2 ) is first mentioned in the price 
ordinances of Worms of 1582, and of Frankfurt of 1587 . It is 
also included in the 1589 edition of the Dispensatorium Noricum. 
In 1688, the distillation of the oil was described by Begnini. 3 ) 
The yield of oil from the leaves was determined by Wedel 4 ) in 
1715 also by Friedr.Cartheuser*) about 1732. In 1 720 Cl. |. Geoffroy 
observed a stearoptenc which had crystallized from the oil, and 
which he termed sage camphor/') The same substance was again 
observed by Arczula 7 ) of Cadiz in 1789 and described by him. 

The first examination of the leaves appears to have been 
made by lllisch") of Riga in 1810; whereas the oil was investigated 
by Herbergcr 1 ') in 1829 and by Fr. Rochlcder 10 ) in 1841. 

OIL OF HALM. 

On account of its fragrance, balm was cultivated by the 
Greeks, Romans, and Arabs, 11 ) and during the middle ages in 
Italy, Germany 1 -) and Scandinavia. 13 ) 

‘) Brunschwig, Liber de arte destillandi. De simpheibus. 1500. fol. 117. 

') Sec p. .13. 

') Jolunnis Begnini Tyrucynium chymicum. In Joh. Hartmannii Opera 
omnia medico-chymica congest * atque pluribus aucta a Conrado Johrenio. 
I rancofurti ad Mimim. 1690. Vol. Ill, p. 27. 

') Wedel, Dissertatio de Salvia. Jena* 1715. 

■’) Cartheuser, Element* chymi.v dogmatico-experimentalis, una cum 
synopsi Maten.v mediae selections. Halac 1736. Vol. 2, p. 87. 

") Mdmoires de 7 Acaddmic toy ale des sciences de Paris. 1721. p. 163. 

7 ) Arezula, gesultado de las experiences bechas sobre el akanfor de 
Murcia con licencia. Segovia 1789, p. 8. 

'I Troinmsdorff's Joum, der Pharm. 20, II. (1811), 7. 

H ) Buchner's Repert. f. d. Pharm. 84 (1830), 131. 

l0 ) Liebig’s Annalen 44 (1842), 4. 

") Dioscoridis De materia medica libri qitinque. Editio Kuhn-Sprengel. 
1829, p. 453. Platearius, Circa instans. Editio Choulant. 1841. Vol. 1, p.299. * 
Macer Eloridus, De viribus herbarum etc. 1832. Editio Choulant, p. 64. — 
Plinii Naturalis historic libri 37. Lib. XX, 45; Lib. XXI, 86. Editio Littre, 1877. 
Vol, 2, p. 18 and 66. Varro, l)c agricu/tura. Lib. Ill, 16. Editio Nisard, 
p. 149. — Meyer, Oesc/iichte der Botamk. Vol. 1, p. 362. 

'*) Conradi Gesneri De Mortis Germanize fiber recens. 1561. Fol. 267 b. 

“) Henrik Harpestreng, Danske Lxgebok. Copenhagen 1826, p. 118. 
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During the period of distilled waters, from the 15. to the 
17. centuries, balm water was a current article. Oil of balm 
appears to have come into use about the middle of the 16. century. 
It is first mentioned in the ordinance of Frankfurt-on-the*Main 
for 1582 and in the Dispensatorium Noricum of 1589. 

Comparable to the distillate from rosemary of the 16. century, 
which was the precursor of the Eau de Cologne of the 18. and 
19. centuries, the fragrant distillate from balm, lemon peel and 
lavender of the 17. century developed later into a very popular 
perfume. It was first prepared by the Carmelite monks of Paris 
in 161 1 and became famous as Eau des Cannes (Gcr. tfarmvliter - 
geist). 1 ) Later the alcoholic distillate was made officinal as 
Spiritus Melissa? compositus. 

The earlier investigations of the oil were made by Schultz*) in 
1739, by Friedr. Hoffmann*) about the same time, and by Dchnc<) 
in 1779. 

OIL OF HYSSOP. 

In antiquity hyssop was already included among the spice 
plants. 5 ) The word “Ysop”, used by Luther in his translation 
of the Bible, did not apply to hyssop but to Origanum. 1 ') The 
volatile oil thereof was used during the late middle ages and 
is mentioned in the German price ordinances of the 16. century. 

OIL OF THYME. 

As a kitchen spice thyme was used during antiquity.') Theo- 
phrastus, Dioscoridcs, Pliny and Columella”) mention thyme and 

‘) See p. 67. 

! ) Schultz, Disscrtatio de Melissa. Halas 1739. 

3 ) Friedr. Hoffmanii Observationum physicu-chemicarum selectiorum . 

Hal* 1722 1736. Lib. Ill, p. 19. 

*) Crell’s Chemische Annalen It (1780), 29. 

5 ) Prosper Alpinus, De plantis JE&ypti liber. Veneti 1591. Cap. 20. - 
Dioscoridis De materia medica libri quinque ■ Editio Kiihn-Sprengel 1829. 
Vol. 1, p. 374. - 1. Kings, 4:33. - Exodus, 12:22. Lev. 14:4; Numbers, 
19:6 and 18. 

«) Rosenmuller, Handbuch der bibl. Altertumskunde. 1830. Vol. 4, p. 108. 

7 ) Apocalypse, 18:13. 

*) Dioscoridis De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p.385. - Plinii Naturalis historic libri 37. Lib. XXI, 31. - 
Columella De re rustica. Editio Nisard. 1877, p. 446. 
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distinguish it from wild thyme or Thymus Serpyllum, whereas 
the two were not always kept separate by writers during the 
middle ages. It is probably for this reason that Valerius Cordus 1 ) 
refers to thyme as Thymus nostras. 

Although it never played an important role in medical practice, 
it, as well as the oil distilled therefrom, has been officinal in the 
medical treatises since the 16. century, also in the drug and spice 
ordinances. The oil was introduced into the 1589 edition of the 
Disjxmsatorium Noricum. 

Thyme camphor (thymol) was first observed by Caspar 
Neumann-) in 1719, then by Fricdr. Cartheuser*) in 1754. It 
was examined by Lallcmand 4 ) in 1853 who named it thymol. 


MENTHA OILS. 

Several mints, the botanical identity of which it may be 
impossible to establish, were known during antiquity, being used 
as kitchen spice,'’) possibly also as medicament by the Egyptians,* 1 ) 
Hebrews 7 ) and Romans.") A similar use the mints seem to 
have found with the Germanic tribes. Among the 73 economic 
plants recommended for cultivation in his Capitular v of 812 by 

') Val. Cordi Historic plantarum. Editio C. Gesneri. Argentorati, 
1561. p. 136. 

s ) Philosophic. Transactions of the Royal Soc. of London. 1724, 1725, 
1753, 1734. - Chymia medial dogmatico-expcrimentalis 2, 282, and Lcctiones 
chynu.v de salihus alailinofixis et de c amphora. Berlin 1727. pp. 135—137. 

') Cartheuser, De sale volatile oleoso so lido in o/eis athereis nonnun- 
quant reperto. Dissertatio. franeofurto 1774. - Cartheuser, Materia medica. 
Vol. 2, p. 1 15. 

4 ) Journ. de Pharm. et Chiin. 111. 24 (1853), 274; Compt. rend. 37 
(1853), 498. 

■') Prosper Alpinus, De p/antis Algypti hher. Veneti 1591. Cap. 42, p. hi. 

") Ci. Schweinfurth, Ueber Pflan/enreste aus altagyptischen Grabem, in 
Bcrichte der deutsch. hotan. Gesellschaft 2 (1884), 366. 

•) Matth., 23:23. Luk., 11:42. 

") Dioscoridis De materia medica hbri quinque. Editio Kuhn-Sprengel. 
1829 p. 383. Plinii Mat oralis historic Hbri. Lib. XIX, cap. 8: " Grato 
mentha rnensas odorv pvreurrit in rustias dapibus." Lib. XX, cap. 14: “Mentha? 
ipstus odor animutn excitat, et sapor aviditatem in cibis ; ideo embammatum 
nmturae farniliaris ." • Columella.* De re rustica. Lib. XI, 3. Editio Misard, 
“Lcs agronomes l at ins.” Paris 1877. p.445. 
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Charlemagne, 1 ) three mints are mentioned. Two of these belonged 
to what is now regarded as the genus Mentha, viz., the Mentha 
Menthastrum and Sisymbrium (Mentha crisps). 1 ) In the writings 
of the abbess Hildegard ») of 1160, Bachmyntza, Myntza major, 
Rossmyntza, and Romische Myntza are mentioned. In the 
Pharmacopoeia of Gotha 4 ) of the beginning of the 15. century 
Cruseminte is also mentioned. 

In like manner the treatises on distillation of the 15. and 
16. centuries give directions for the preparation of distilled waters 
from mints without further characterization of the plants/) The 
mint oils mentioned in the older pharmacopoeias and drug 
ordinances, likewise, reveal an uncertainty concerning the origin 
of the different kinds. Thus the Berlin ordinance of 1574 mentions 
only Oleum menthae. The Frankfurt list of 1582 mentions Oleum 
mentlhv, Oleum po/cmii and Oleum pu/egii. 


OIL OF PEPPERMINT. 

Whether or not peppermint was among the mints used during 
the middle ages can no longer be determined. In the oldest 
German treatise on distillation the Liber de arte distillandi rt ) of 
the year 1500, the following mints are mentioned as being used 
in the preparation of distilled waters: Mentha aquatica, Mentha 
rubra, Mentha balsamica, Mentha sarracenica and Mentha 
crispa, but no distinguishing characteristics arc given. Neither 
is it definitely known whether the kinds of mint used formerly 
agree with those now in use. As far as known, the only spe- 


') Capitulare de vilfis et cortis imperialibtts. Translated and explained 
by A. Thaer. In Euhling’s Landwirtschaftliche Zeitung. April number 1878. 
p. 241-260. 

l ) Meyer, Gescbichte der Botanik. 1856. Vol. 3, p. 406. 

"') Hildegardis Abbatissae Subtititatum diversarum naturarum creatura * 
rum tibri novem. Editio Migne. 1855. p. 1161. 

4 ) Karl Regel, Lias mittelhochdeutsche Gothacr Arzneibuch. Gotha 
1873. p. 21. 

'’) Hieronymus Brunschwig, Liber de arte destillandi . De simpticibus. 
1500. fol. 75b. Val. Cordus, Dispensatorium Noricum. Editio Parisiis. 
1548. pp. 77, 284, 285, 378, 381, 418, 419, 432. - Gesner, De Hortis Germania t 
liber recens. 1561. 

•) Brunschwig, Liber de arte destillandi. De simplicibus . 1500. fol. 75. 
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cimens of Mentha piperita which are several hundred years 
old, are found in the herbarium of the British Museum in 
London. John Ray, 1 ) the English naturalist, had obtained them 
from the county of Hertfordshire of southern England in 1696 
and described them as Mentha palustris, “peper mint”. The 
well preserved specimens correspond in all essential charac- 
teristics with the peppermint which is to-day cultivated in 
Mitcham, county of Surrey, near London.-) The cultivation 
of peppermint in Mitcham seems to have begun about the 
middle of the 18. century and was of some importance toward 
the end of that century. Up to 1805, however, the distil- 
lation of peppermint oil was not conducted in Mitcham but in 
London. 1 ’) 

The English peppermint industry reached its height about 1850. 
From that time on American competition caused a decided set- 
back in the production. 1 ) For purposes of distillation, pepper- 
mint was evidently not cultivated earlier on the continent than 
in England. According to the Leyden botanist David Gaubius, 
it was cultivated for this purpose near Utrecht in 1770. He also 
mentions the menthol, the camphora europlea menthie piperi - 
ticiisi') Meanwhile Linnams had named the plant Mentha 
piperita. 

About the same time peppermint was cultivated in Germany. 
Following the example of the London Pharmacopoeia, in which 
peppermint was officinal since 1721 as Mentha piperitis sapore, 
it was mentioned in medical and botanical treatises. The treatise 
by Kniggc' 1 ) seems to have made it better known in professional 
circles. 

In japan, hower, the cultivation of peppermint appears to 
antedate that of any other country. It is reported to have begun 
before the Christian period. According to Flueckigcr, even menthol 
(hakuku, Hakka) has been separated since that time and used 

') )ohn Ray, Hist or in pfantarum. London 1704. Vol. 3, p.284. 

4 ) Lluckiger, Pharmakogtmie. 3. edition. 1891. p. 726. 

*) Lysons, Environs of London. 1800. p. 254. 

') Chemist and Druggist 1N91, 405. 

') Hieronymi Davidii Gaubii Adversariorum varii argument i fiber unus. 
l.eid# 1771. pp.99-112. 

*) Knigge, be mentha piperitidc com/nentatio. Dissertatio. Erlang# 1780. 
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as a remedy. 1 * * ) According to Naojiro Inouye,*) the words Hakuku 
and Hakka do not mean menthol, but peppermint. In the oldest 
medical treatise of Japan, the Daiso-Rui-Shu-Ho (806 — 809), 
peppermint is not mentioned. However, in the Shirt-J-Ho, com- 
piled by Tamba Yasuyori in 984, the plant is mentioned as 
Megusa (Me = eye, gusa herb), of which an eyewater was 
made. When peppermint oil was first distilled in Japan is not 
known. The export of this oil began in 1873. 

OIL OF EUROPEAN PENNYROYAL. 

European pennyroyal (Ger. Polei) is derived from Mentha 
pulegium, L., (Pu/egium vulgare, Mill.) or its hybrid varieties, 
and has been used medicinally since the middle ages 8 ) and 
possibly earlier. 4 * * * ) The distilled Oleum pulegii is mentioned 
in the price ordinance of Frankfurt for 1582 and appears to 
have been used medicinally, like the plant and its distilled 
water, in the 16. and 17. centuries. 

OIL OF SWEET BASIL. 

Oil of sweet basil appears to have been in use during the middle 
of the 16. century. It is enumerated among the oils of the Frankfurt 
price ordinance for 1582 and in the Dispensatorium Noricum of 
1589. The distilled water was used as early as the 15. century. 8 ) 

OIL OF VALERIAN. 

During antiquity valerian was known as Phu. It is described 
in the writings of Dioscorides 8 ) and Pliny. Later it is mentioned 

l ) Fluckiger, Pharmakognosie. 1891. p. 726. 

*) Bericht von Schimmel ft Co., October 1908, Supplement 

*) Dioscoridis De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. p. 377. 

*) Pfeiffer, Zwei deutsche Arzneibucber des 12. und 13. Jahrhunderts. 
In Sitzungsberichte der Wiener Akad. d. Wissensch. Vol. 42 (1863), II, p. 137. 
(However, the possibility is not excluded that the PoieiOl mentioned here 
and in earlier treatises pertains to the oil of Thymus Serpy/lum.) 

') Hieron. Brunschwig, Liber de arte destiUandi. De simplicibus , fol. 27. 

*) Dioscoridis De materia medica libri quinque. Editio Kuhn-Sprengel. 

1829. Vol. I, pp. 20 and 348. 

GIUIEMEI8TER, THE VOLATILE OILS. 
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as a remedy by Isaac Judaeus 1 ) and Constantinus Africanus,*) 
who are the first to use the term Valeriana. In a drug list of the 
Medical School of Solerno, Phu, Amantilla and Valeriana are 
mentioned as being identical.*) In the 11. century, however, the 
name Valeriana appears to have been in use, 4 ) though the name 
Phu continued in literature as late as the 15. century. 5 ) 

During the middle ages the odor of valerian must have been 
a favorite for it was used for perfuming rooms, clothing and 
linen/ 1 ) in like manner as the roots of Valeriana celtica, L., and 
those of Nardostachys Jatamansi, D. C., (Nardus indica) were 
used during antiquity. 7 ) 

How common the use of valerian root was in Germany becomes 
apparent from the large number of popular names and synonyms of 
which lists are given by the abbess Hildegard 8 ) in the 12. century, 
and by Hieronymus Brunschwig 1 ') toward the end of the 15. century. 

The treatises on distillation of the 16. century provide direc- 
tions for distillates of valerian with either water or wine. 

The distilled oil was obtained by Hoffmann, Boerhaave, and 
Geoffroy, in part from the dry, in part from the fresh root. 1 ") 
Later Grabcrg (1782) described the oil, 11 ) and Trommsdorff in- 
vestigated the root in 1808.'-) In 1830 he named the acid obtained 
from the aqueous distillate valerianic acid. 1 *) 

*) Isaac Judaeus, Opera omnia. Lugduni 1545. Cap. 45. "I : u, id vst 
valeriana, melior rubra et tenuis''. 

’) Steinschncider, in l^ohlf's Archtv fur Geschichte der Medizin. 1879. 
p. 9b. "hi, id est valeriana; naturam habet sicut Spica Nardi". 

a ) S. de Renzi, Col/ectio Salernitana. Alpbita. 1854. Ill, pp. 271— 322. 

4 ) Cockayne, Lcecbdoms, Wordcunning and Starcraft of Early England. 
1866. III. 6, 136. 

'•) Saladini Compendium aromatariorum. Bononae 1488. Index. 

") Turner, New Herbal I. 1568. Part. 3, p. 76. — Langham, Garden of 
Health. 1633. p.598. 

7 ) Dioscorldis De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p. 7; and vol. 2, p. 348. - Brunschwig, Liber de arte desti/landi. 
De simplicibus. 1500. fol. 39 and 107. 

s ) Hildegardis Abbatissae Subti/itatum diversarum naturarum creaturarum 
libri novem. Editio Migne. p. 1187. 

") Brunschwig, Liber de arte dcstillandi. De simplicibus. 1500. fol. 39. 

10 ) Pfaff, System der Materia medica. Vol. 4 (1815), p. 172. 

11 ) Lorenz Crell, Die neuesten Entdeckungen in der Chemie 0 (1782). 123. 

l *) Trommsdorff’s Journ. der Pharm, 18, I. (1809), 3. 

1S ) Trommsdorff’s Neues Journ. der Pharm. 24, I. (1832), 134. 
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OIL OF NARDOSTACHYS (ATAMANS!. 

The rhizomes of Nardostachys Jatamansi, D. C, (Patrinia 
jatamansi, Wallich) and of N. grandiflora, D. C., (N. 0. Valeri - 
anaceae) which are indigenous to the Himalaya mountains of 
northern India have an odor reminding faintly of musk but more 
strongly of patchouly. On account of its fragrance this root 
was highly prized during antiquity, being esteemed all the more 
because of its limited supply. It was used for perfuming oint- 
ments and fatty oils which were employed in anointing cere- 
monies. It was evidently regarded as one of the most precious 
aromatics. 1 ) Later, especially out side of India, other roots were 
used as substitutes for the Indian narde (spikcnarde), and fre- 
quently confounded with it, notably that of Ferula sumbul, Hook, 
fil., and still later that of Valeriana celtica, L.‘ : ) 

The original Hebrew name was Nerd; in Greek (derived from 
the Sanskrit) it was termed mqdmnu jfiy; in Latin, Nardus 
indica, Nardus spica, Spica Nardus; in Arabic Senubol (ear). 
Later this name was applied by different peoples to similar and 
even to different aromatic plants. Moreover, these were confounded 
with narde. In the first century of the Christian era, Dioscorides*) 
already distinguished between Nardus indica, syrica and celtica. 
As Phu 1 ) he probably regarded partly narde, partly valerian. 

') Song of Solomon, 1:12; 4:13 and 14. - St. Mark., 14:3 5. St. 
John., 12:3-5. Horatii Carmina . Lib. IV, carm. 13, verses 16 17. 
During festive meals it was a Roman custom, not only to decorate guests 
with flowers, but to anoint them as well with narde. 

Cur non sub afta vel platano, vel hac 
Pinu jacentcs sic temere, et rosa 
Canos odorati capillos, 

Dum licet, Assyriaque ISardo 
Potamus uncti. 

(horatii Carmina. Lib. II. carm. 11.) 

-) Sir Wm. Jones, On the Spikenard of the ancients in “Asiatic Researches” 
in Transactions of the Society instituted in Bengal, for inquiring into the 
history and antiquities, the arts, sciences and literature of Asia. Calcutta 
1789. Vol.2. (London edition p. 416.) - Roxburgh, Additional remarks on 
the Spikenard of the ancients. Ibidem vol. 4, p. 97. 

8 ) Dioscoridis De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, pp. 15-17. 

‘) Ibidem p. 20. 


13 * 



196 


Historical introduction. 


As having a similar odor, Scribonius Largus 1 ) enumerates Nardus 
indica, Nardus celtica, Stcechas, Nardus italica, Spica Nardi 
(also used to designate species of Uvandula ), and Indian grass 
(species of Andropogon )r) 

In midseval literature the original narde is mentioned but 
once, namely as one of the precious incense materials used 
during the entrance of emperor Henry IV. in to Rome. 3 ) In midaeval 
treatises on distillation and in pharmacopoeias, Indian narde no 
longer is mentioned, but spica and spikenard are. 4 ) 


OIL OF ELECAMPANE. 

Aqueous distillates of elecampane were used medicinally 
during the middle ages. 5 ) Oleum radio's helenii is first men- 
tioned in the Frankfurt ordinance of 1582. 


OIL OF ROMAN CHAMOMILE. 

Owing to the similarity of some of the species of Anthemis, 
Chr\ santhemum and Matricaria, it can not longer be determined 
which were cultivated by the Greeks and Romans and used by 
them. Nor is it possible to ascertain which species of the above 
genera is implied whenever Anthemis is used in the writings 
of Dioscorides,") Pliny, Tragus, 7 ) and other authors. According 
to Gesner, K ) Roman chamomile was introduced into France and 
Germany from Spain. Anthemis nobilis , L., however, received 
more consideration, in England, in the southern part of which 

*) Scribonii Largi Compositiones medicamentorum. Editio Helmreich. 
Leipzig 1887. p. 72. 

*) See pp. 101, 184. 

:l ) Petrus d’Ebulo, Carmen de motibus siculis. Basiliae 1746. p. 23. - 
fluckiger and Hanbury, Pharmacographia. 1879. p. 503. 

*) Hieronymus Brunschwig, Liber de arte destillandi. De simplicibus. 
1500. fol. 72. See p. 195, footnote 2. 

') Ibidem fol. 19. 

*) Dioscoridis De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. p. 482. 

7 ) Hieronymus Tragus, De stirpium maxi me earum quae in Germania 
nostra nascuntur commentarium libri tres. Argent. 1552. fol. 149. 

*) Conradi Gesneri De Hortis Germanias liber recens. 1561. Fol. 253. 
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it was cultivated and used medicinally. Even during the 16. and 
17. centuries the several chamomiles were not kept separate in 
literature, a condition that apparently also prevailed in practice. 

Hieronymus Bock (Tragus), 1 ) who lived during the first half 
of the 16. century, called the plant Chamomilla nobilis; whereas 
Joachim Camerarius, who lived during the second half of the 
same century called it Roman chamomile/) In the treatises on 
distillation of the 16. century the common chamomile seems to 
have been greatly preferred to the Roman chamomile. 

On the continent, the latter was little used or not at all for 
medicial purposes, whereas in England it was used almost ex- 
clusively as chamomile flower. 

Side by side with Oleum chamomillae, distilled oil of 
Roman chamomile was first mentioned in the drug ordinance 
of Frankfurt of 1587. 


OIL OF GERMAN CHAMOMILE. 

The common chamomile, Matricaria Chamomilla, L., was 
used medicinally by the Greeks and Romans, and is repeatedly 
referred to in classical literature. 8 ) It was also highly valued 
during the middle ages. Brunschwig 1 ) describes the distillation 
of the flowers. 

The oil, which attracted attention on account of its blue 
color, seems to have been known since the middle of the 
15. century. Saladin 6 ) mentions it in his list of medicaments of 
1488, and the Niimberg physician Joachim Camerarius 8 ) prepared 
it in 1588. Conrad Gesner 7 ) and Porta K ) distilled the oil after 
moistening the flowers with aqua vitae. 

J ) See footnote 7, p. 196. 

4 ) Fluckiger and Hanbury, Pharmacographia. 1879. p, 384. - Camerarii 
Hortus medicus et philosophicus. Francofurti 1588. p. 39. 

3 ) Dioscoridis Dc materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. p. 482—483. - Plinii Natu rails historic libri. Lib, XXII, 26. Editio 
Littre. Vol. 11, p. 82. — Palladii De re rustica. Editio Misard. 1877. p. 608. 

4 ) Hieronymus Brunschwig, De arte destillandi. 1500. Fol. 38. 

*) Saladini Asculi Compendium aromatariorum. Venetii 1488. Index. 

fl ) Camerarii Hortus medicus et philosophicus. Francofurti 1588. p. 39. 

7 ) Euonytni Philiatri Ein kOstlicher theurer Schatz . 1555. p. 222. 

H ) Gio. Battista; Porta; De destillatione. Roms 1608. p. 83. 
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In the price ordinances it is first mentioned in that of Berlin 
for 1574 under the title of Oleum matricariae, and of Frankfurt- 
on-the-Main for 1587. In the Dispensatorium Noricum of 1589 
it is mentioned as Oleum chamomillae vulgaris besides Oleum 
matricariae. 

The blue color of the oil was attributed to a copper content 
due to the distilling vessels, until Pauli and Herford of Copen- 
hagen showed in 1664 that the oil distilled from glass vessels 
likewise possessed a blue color. 1 ) On a large scale, by steam 
distillation, chamomile oil was first distilled in 1822 by the 
apothecary Franz Steer*) of Kaschau in Hungary. The oil was 
first examined by Zeller 11 ) in 1827. 


OIL OF TANSY. 

The distilled water from the flowers and leaves of tansy 
was a common remedy during the 16. and 17. centuries. 1 ) The 
oil is first mentioned in the price ordinance of Frankfurt-on-the- 
Main for 1582 and in the Dispensatorium Noricum of 1589. 
The oil was first examined by ). Persoz r ’) in 1841. 


OIL OF WORMWOOD. 

Wormwood is supposed to have been known to the Egyp- 
tians as early as the 16. century B. C.") In the Old Tes- 
tament the plant is referred to repeatedly. 7 ) Whether the plant 
known to the ancients and later referred to as wormwood was 
the present Artemisia absinthium, L., or not can no longer 
be determined. 

') Simonis Paulli Quad riparti turn botanicum dc simplicium medicamen- 
torum facultatihus etc. Argent. 1667. p.425. 

*) Buchner’s Repert. f. d. Pharm. 01 (1837), 85. 

Ibidem 5& (1827), 467. 

4 ) Hieronymus Brunschwig, Liber de arte destil/andi. De simplicihus. 
1500. Fol.94. 

'*) Compt. rend. 18 (1841), 436; Joum. f. prakt. Chem, 2*> (1842), 55, 60. 

") Papyrus Ebers, Jahresbericht f. Pharm. 1880. 26. — Fluckiger, Pharma- 
kognoaie. 1891. p.686. 

7 ) Deut., 29 : 18. — Proverbs, 5:4.-- Amos, 5:7 and 6:12. — |eremiah, 
9: 15; 23: 15. Lamentations, 3: 15 and 19. 
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In Greek and Roman literature wormwood received but little 
consideration; however, it is mentioned in the writings of Dios- 
corides. 1 ) As a remedy, wormwood is praised by Walafried 
Strabus 2 ) in the 9. century and by the abbess Hildegard 8 ) in 
the 12. century. From that time on it received occasional mention 
in pharmacopoeias, but is wanting in most of the treatises on 
distillation of the 16. century, although known to their authors, 4 ) 
and even distilled by Brunschwig.*) 

The distilled oil of wormwood was known to Porta, 8 ) who 
directed attention to its blue color. It was first examined by 
Fr. Hoffmann of Halle and recommended by him for medicinal 
purposes. 7 ) Later the oil was examined by Cl. J. Geoffroy, 8 ) by 
Fr. Kunzemuller/) by Buchholz, 10 ) and by Margueron. 11 ) In price 
ordinances it is first mentioned in that of Frankfurt-on-the-Main 
of 1587, also in the 1589 edition of the Dispensatorium Noricum. 


OIL OF COSTUS ROOT. 

Costus root from Saussurea Uppa, Clarke, was known to 
the Greeks as xm<%. During antiquity it was used as a spice, 
also in the preparation of a fragrant oil, for purposes of anoint- 

*) Dioscoridis be materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. Vol.1, p.367. 

a ) Walafridi Strabi Hortu/us. be viribus herbarum. Editio Choulant. 
1832. p. 147. 

*) Hildegardis Abbatissae Subti/itatum diversarum naturarum creatu- 
rarum libri novem. Editio Migne, Patrulogiae curs us complelus. 1855. 
p. 1172. 

l ) Conradi Gesneri be Hurtus Germanise liber Keens. 1561. Eol. 243. 

’*) Hieronymus Brunschwig, Liber de arte desti/landi. be simplicibus. 
1500, fol. 112. — Brunschwig distinguished between the following species, viz., 
Absynthium ponticum, Absynthium cretensis, Absynthium marinum, used in 
the distillation of wormwood water . - See also Murray's Apparatus Medi- 
caminum Gottingiae 1766. Vol. I, p. 118. 

") Portae be destillatione libri IX. Rom* 1608. p. 79. 

: ) Friedr. Hoffmannii Observationum physico-chemicarum selectiorum 
libri. Hal* 1722. Lib. III. Observ. I, p. 9 and 355. 

s ) Mtmoires de I’Acadtmie des sciences de Paris. 1721. 

”) CrelPs Chem. Annalen 17S4, 206. 

,# ) Gottling’s Almanach fur Scheidekunstler und Apotheker 1786, 101. 

“) Trommsdorff's Joum. der Pharm. 6, II. (1798), 202. 
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ment, 1 ) similar to nard oil. It was also highly esteemed as remedy. 
Dioscoridcs*) distinguishes between the white Arabian or Indian, 
and the black Syrian costus. Garcia 8 ) mentions that costus was 
used in Asia Minor, Syria, Arabia and Persia, but that it grows 
only in India. Costus root should not be confounded with 
Costus dulcis, a synonym for the bark of caneJJa alba. 


*) p. 195. W. heyd, Geschichtc des Levantehandels im Mittelalter. 
1879, Vol. 1, p. 90; and Vol. 2, p. 580. Dymock, Materia medica of Western 
India. 1885. p. 449. 

*) Dioscoridis De materia medica libri quinque. Editio Kuhn*Sprengel. 
1829. Vol. 1, pp. 15 and 29. 

s ) R. Sigismund, Die Aromata. Leipzig 1884. p. 34. 



IV. HISTORY or THE METHODS OF 
DISTILLATION AND 
OF DISTILLING APPARATUS. 


The literary documents considered in the previous chapter 
reveal the slow process of evolution leading up to a better under- 
standing of the subject of volatile oils. In like manner, a short 
historical retrospect of the methods of distillation and distilling 
apparatus may result in an insight into the gradual development 
of the art of distillation and of the methods of preparation of dis- 
tilled oils. The history of the evolution from the primitive Cucur- 
bits, the Alembic and the Berchile to the steam and vacuum 
apparatus of our own time reveals a long and varied course 
which had to be traversed by this apparently modern branch of 
industry in order to bring it to its present technical and scientific 
perfection. 

As is well known, primitive man regarded fire as something 
supernatural. Thus the Greeks believed it to the gift of Prome- 
theus and used it accordingly in their religious rites. The oldest 
tribes of the Persians worshiped it as a divine element. A more 
practical use was made of it by the Chinese, who in the remotest 
antiquity utilized it in the development of a most remarkable, 
though primitive industry. The oldest books of the Bible report 
that Tubal-Kain was "an instructor of every artificer in brass 
and iron”; 1 ) they also state that bricks were burnt 4 ) for the 
construction of the tower of Babel. According to the apocryphal 
document, the Ayur-Vedas;) the Indians at an early date not 


*) Genesis, 4 : 22. 
*) Genesis, 11:3. 
■) See p. 16. 
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only used furnaces for melting and firing, but also for distillation. 
They were used extensively by the Egyptians during their long 
and highly developed period of civilization. 

For more than ten centuries, from the time of the Arabians 
to the end of the middle ages, the solution of minerals, of vege- 
table and animal drugs with the aid of furnaces was regarded 
as a noble and “subtle” activity in the search for the philo- 
sopher's stone. This philosopher’s stone was not only to serve 
the purpose of converting baser metals into gold, but also of 
preparing a quinta essentia for the maintenance and reestablish- 
ment of health and the prolongation of life. Hence the furnaces, 
apparatus, and implements constructed for the practice of the 
hermetic art and for alchcmistic purposes arc important, not 
only for their own sake, but as essential aids to technology. 
They afford an interesting illustration of the desire to solve the 
problems of a better knowledge of natural objects in so far as 
it can be gained by the direct or indirect action of heat as 
generated in the several types of furnaces used since antiquity. 
Thus the furnaces constructed for melting and sublimation were 
used in the search for the lapis phiiosophorum, the latter tog- 
ether with the furnaces used for distillation in the search for 
the quinta essentia of organic nature. As a final hypothesis, 
the doctrine of phlogiston was developed in the long epoch of 
practical endeavor and theoretic speculation. With its overthrow 
there were also abandoned at the close of the 18 . century the 
beliefs in the miraculous, and the prevailing doctrines of the ele- 
mentary nature of natural objects. 

The first definite statement found in ancient writings which 
indicates a kind of primitive distillation, although probably not 
illustrated until the middle ages, is the mention of the method for 
obtaining oil of cedar, .uuu&tttur (turpentine oil?), which occurs 
in the writings of Herodotus, Dioscoridcs and Pliny. 1 ) This oil 
is said to have been obtained from the oleoresin by boiling with 
water in an open earthen kettle. The oil either collected at the 
surface of the liquid and was removed, or its vapors were con- 

') Herodoti Historic. Lib. II, 85. - - Dioscorides, De materia medica. 
Lib. I, 34, 39, 80. Plinii Historic natural is. Lib. XV, cap. 6-7; and Lib. XVI, 
cap. 22. t pice fit, quod pissinum appellant, quum coquitur, ve/leribus 
supra habitum ejus expansis, atque ita expressis .... color o/eo fufvus. 
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densed in layers of wool spread over sticks of wood laid cross- 
wise on the kettle as illustrated in figure 4. The wool when 
saturated was replaced from time to time by fresh portions and 
the oil expressed with the hands. 

Authentic representations of the distilling vessels used by 
the Egyptians do not exist, 1 ) Some of their forms of apparatus 
were undoubtedly adopted by the Arabians and improved by 
them. To the oldest known writings which give information on 
methods of distillation and distilling apparatus belong those of 
the Greek physician Dioscoridcs 2 ) who lived during the first 
century of our era in Anazarbus, 

Sicily, and those of the Greek philo- 
sopher Zosimos !J ) of Panopolis. In 
a Arabian manuscript translation of 
Dioscoridcs' Liber de materia medica 
in the library at Leyden, distilling 
furnaces and apparatus are mentioned 
and described. These descriptions 
probably occur in the original Greek 
text. Among them are found the 
cucurbita and the alembic 4 ) 

Just as pictures of animals have 
served as symbols in the oldest 
mythology of and as characters in 
writing by the earliest peoples, the 
forms of animals were used by the 
ancients as prototypes in the making 
of jewelry, and of all kinds of useful articles and apparatus. 
The same practice appears to have obtained in the making of 

’) Egyptian and Greek distilling apparatus of the 3. and 4. centuries, which 
served primarily for the distillation of mercury, have been reproduced in Dujardin’s 
L’artde la Distillation. Paris 1900. These illustrations were found in a manuscript 
of the end of the 10. century in the Marcus library in Venice and are copied from 
Berthelot’s introduct. a I’ Etude de /a Chimie desAnciens etdu Moyen-ige. 1889. 

-') See p. 19. 

!1 ) I/tot dtiydi'iDr ym xafiiiwr (of apparatus and furnaces). See p. 22. 

*) Extracts from this as well as from the later Arabic texts of Rhases, 
also an unimportant illustration of an Arabic distilling apparatus, have been 
published by Prof. E. Wiedemann in vol. 32 (1878), p.575 of the Zeitschrift 
der deutschen morgenl&ndischen Gese/ischaft. 
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primitive digestion and distilling vessels. Such pictorial represent- 
ations have been carried over from the writings of Zosimos, and 


probably of others in- 
to the writings of the 
Arabians and from 
these into other al- 
chemical works of 
the middle ages. 1 ) 

As the prototype 
of a common flask, 
the figure of an ost- 
rich 2 ) is given (fig. 5); 
as that of a retort a 
goose (fig. 6) or a 
pelican' 1 ) (fig. 7). The 



shape of a bear ser- 
ved for a still (cuc- 
urbita)*) and head 
(alembicus) (fig. 8). 
An improved form of 
this simple distilling 
apparatus is found 
in the writings of 
Geber, 5 ) and of Al- 
bucasis.' 1 ) The latter 
not only described 
glass distilling ves- 
sels, but also those 



f'g o. rig. 7. 


prepared of glazed earthenware (fig. 9). He also described a 
kind of fractional distillation for the purpose of a “better con- 


') Joannis Rhenani, Medici, Solis e puteo emergentis: sive disserta- 
tionis chymia technice practica, materia lapidis philosophici et clavis operum 
Paracelsi, qua ahstrusa impiicantur deficientia supplentur. Francofurti 1613. 
Pars 1. Theoremata chymio technica. 

*’) Phia/a est vas vitreum ex ventre in modum sphazrae rotundo gra- 
cilem canaiem in proceritatem cmittens. 

11 ) Pelicanus est vas circulatorium e figura pelicani pectus suum rostro 
fodientis, pullosque sitos refarcientis nuncupatum, amplo ventre sensim in 
angustiis coltum vergentc, quod retortum et curvatum os rursus in ventrem 
immittit. 

4 ) Cucurbita est vas pferumque turbinatum, in cucurbits vel pyri 
formam utero turgescens. Cucurbita cum suo alembico juncta ejus- 
modi est. 

ft ) Gebri Summa perfection is magisterii. Gedani 1682. 

*) See p. 25. 
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densation and separation of subtle spirits” by placing several 
alembices 1 ) on top of one another (fig. 10). 

From the writings of Geber and Albucasis, also from those 
of the excellent physician and writer Rhases (El Rizi) who 
lived in Bagdad during the 9. century, it becomes apparent that 
the Arabians distinguished as ^ 
early as the 8. century between [ 1 



distillation over an open fire and from a water bath and an ash 
bath. 2 ) Geber described both methods in detail. 8 ) 

For the purpose of better condensation, Costaeus of Lodi, 4 ) 
a physician and alchemist of Bologna, recommended that the 

‘) Liber servitoris Bulchasin-Ben-aberazerin. Venetiae 1471. Lib. XXVII, 
p. 247. Modus aim cui vult desti/lare paucam aquam. Accipe oUam ex aere, 
et imple earn aqua, et pone super lanem ignis, et pone os ejus coopertorium per- 
foratum foraminibus duobus vef tribus vei pfuribus, aut paucioribus ventribus 
secundum quod potent capere coopertorium oils, et sint ventres ex vitro . . . 

*) Das Buch der Gebeimnisse des Abu Bekr Ben Zakarija Er-R£zi. 
Fleischer’s Kata/og No. 26b. Leipziger Stadtbib/iothek. Codex K. 25. 

*) Gebri Summa perfections magisterii. Cap. 50. Ex bibliotheca vati - 
cana exemplari. Gedani 1682. 

4 ) Mesue, Simplicia et composita, et antidotarii novem posteriores sec- 
tiones adnotationes. Venetian 1602. 
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beak of the alembic be cooled by water (figs. 1 1 and 12), also that 
the distillate be improved by the use of the water bath (balneum 
Marix) (fig. 13) and the sand bath (balneum arenx ) (fig. 14). 

Among the writings left by the 
Arabians, the work of Albucasis previ- 
ously mentioned probably contains one 
of the first and most striking des- 
criptions of the manner of distillation 
and distilling apparatus. 1 ) 

From the 14. century on the prac- 
tice of making distilled liquors in- 
creased very considerably. As a result 
the methods of distillation and the 
distilling apparatus, especially those parts employed for the con- 
densation of the vapors, were greatly improved. The method 
of condensing the vapors, already well known to the Arabians, 
by passing the straight or bent 
tube of the alembic, or an elon- 
gation thereof wound into a spiral 
(wormtube, serpentina) through 
a tub of cold water was already 
in general use at that time for 
the distillation of wine and fer- 
mented plant juices. As exam- 
ples of such distilling apparatus 
and methods, “die mancherley 
/( uhlungen der Teutschcn und 
Welscben Weinbrenner > \ are de- 
scribed and illustrated in treatises 
on distillation of the first half of 
the 16. century, namely in those 
of Brunschwig, Ulstad, Ryff, and 
Lonicer. In these a distilling 
apparatus constructed with con- 
siderable skill is described. The 
helmet of the still and the outer condenser jacket were made of 
sheet copper. The head-like form of the expansion of the helm 
with the outer jacket, the lower open rim of which was tightly 

') See p. 2b. 
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luted to the still, gave rise to the name of Mohrenkopl The 
condensation was effected by a continuous flow of cold water 
through the outer jacket (fig. 15). 

The method of condensation derived from the Arabians was 
considered the most perfect for the distillation of spirit of wine 
(aqua vitae). The illustration of this ap- 
paratus was selected for the title page 
of the second volume of Brunschwig’s 
Destillirbuch published in the year 1507 
and is reproduced on page 41. Where 
the two upright serpentine connecting 
tubes (serpentine) between the retorts 
(cucurbite) and the receivers (recepta- 
cula) cross each other they pass through 
a condensing tube filled with cold water. 

The cooling effect thus produced is not 
sufficient for the condensation of all the 
vapor. The worm acts therefore, as a 
dephlegmator and increases the alcoholic 
late. This is correctly emphasized by Brunschwig. 

diweii die Geistcr, so uber sicb getriehen werden, vil reyner und 
subtiler seind, denti in so/chem aufsteigen alles, so 
schwer, irdiscb oder flegmatisch ist, nit hinauf kom- 
men mag. Darumb die Geyster des weins am flticlr 
tigsten uber sicb, aber andcrer materi, so mehr mit 
flegmatiscbcr feuebt behafft, under sicb getrieben 
werden. 1 ) 

The perfection of the apparatus for the 
preparation of distilled waters and oils, which 
up to that time had received but little attention, 
seems to have progressed much more slowly 
and with greater difficulty. In comparison 
with the readily volatile alcohol, water was 
considered as that product of distillation most 
closely related to it, whereas the oil was regarded as the “obese 
and fatty substance that had to be driven over with a stronger 
and more violent heat.” This had led to the firmly estab- 
lished belief that in the process of purification the volatile and 

J ) Hieronymus Brunschwig’s l)e arte destillandi. Vol. 2, liber 1. 
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strength of the distil- 
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subtle part must penetrate and exhaust the material as much 
as possible (resolving). As a result all sorts of queer apparatus 
and sources of heat were invented for producing the so-called 
circulation. They all resulted in a prolonged digestion and an 
unintentional loss of the alcohol, ofttimes formed by fermen- 
tation, and of the aroma. 

Circulation was therefore considered not only as the essence 
of distillation, but also as an important preparatory part of it. It 



Fig. 15. 


was believed that the plant and animal material finally to be 
distilled was thereby prepared for the refinement and purification 
of the spirit beings (“geistige Wcsen”) contained in them, and 
for their better and easier separation and purification. A large 
variety of vessels, usually constructed after some symbolic 
prototype, was used for this purpose. The simple Circulatoria 
were ordinary glass flasks, retorts the tubes of which were bent 
in a variety of ways, also so-called urine glasses used by phy- 
sicians for diagnosis. 



Methods of distillation and distilling apparatus. 209 

The operations performed in the pelican (fig. 16) and double 
or twin Circulator, ia 1 ) (fig. 17) provided with reflux tubes were 
considered as the most perfect kinds of circulation, especially 
for refining the “spirits." 

Still more peculiar than the form of the Circulatoria was 
the source of heat used for the purpose of circulation, which 
was usually accompanied by fermentation, and even decompo- 
sition processes. Not only was the water bath (balneum Manx) 
(fig. 18) and the ash bath (balneum per cinerem) (fig. 19) em- 
ployed, but also the sun bath (desti/latio solis) (fig. 20). The 
circulation vessels were also immersed in fermenting dough, and 
heated with this in an oven (dest/ilatio panis); or they were 




Fiji. 1e. 


Fig. 17. 


imbedded in decomposing, well wetted horse manure which was 
placed in a layer above unslaked lime in pits (desti/latio per 
ventrem cquinum) (fig. 21). 

With the introduction of aromatic waters as one of the 
principal forms of medication, the condensation of the vapors 
gave rise to difficulties, because a greater degree of heat was 
necessary for their distillation. Plant material lying on the 
bottom of the still was also easily burnt, and the distillate received 
therefrom an empyreumatic odor and taste. With a strong heat 
a serious overheating of the helm and tube, which were usually 
constructed of lead or tin, took place, while with the employment 


‘) duota est vas circulatorium a duabus auribus, ve/ viro utrumque 
hrachium lateribus applicatum habente , dictum, bujus inferior pars est in 
modum cucurbits, cui impositus est alembicus in summo canalem habens; 
in loco autem conneviente duobus rostris incumatus et in cucurbitam a 
capite/lo humorem, condensatum ducentibus praeditum, 

GILDEMLI8TER, THt VOLATILE OILS, 


14 
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of a moderate heat the yield of the distillate remained unsatis- 
factory. In order to overcome these disadvantages, and to prevent 
the flowing back of the distillate condensed in the helmet, as well 
as to increase the cooling effect of the air, the helmet known as 
the “Rosenhut” (fig. 1, p. 40 and fig. 22) was constructed as early 
as the 15. century. Near its base, at about the height of the 



I IK- 18 



FiR. 10 






Fir. 20. 

outlet tube, a groove extended 
around the inside of the helmet. 

Through this the water, conden- 
sing on the upper inner wall of 
the helmet and running down, hR. 21 . 

was conducted into the outlet 

tube and from there into the receiver. The “Rosenhut” was 
therefore in itself an inefficient air condenser, which served its 
purpose with much less efficiency than did the “Mohrenkopf” in 
the distillation of alcohol (fig. 15, p. 208). 

In the preparation of the distilled waters, the first step to- 
ward a better condensation with cold water, consisted in sur- 
rounding the head of the helmet (alembic) with an oxbladder. 
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It was securely fastened and provided with a wooden stop-cock. 
The hood-like basin thus formed (fig. 23) was kept cold by 
means of flowing water. In a similar manner the helmet was 
also surrounded by a basin-like metallic addition which was either 
fastened by luting or soldering. Thus the helmet could be well 
cooled by running water (fig. 24). By means of an inner hori- 
zontal groove like that in the “Rosenhut” (fig. 22) the distillate 



He. 22. 


which condensed on the inner walls of the helmet was conducted 
into the receiver. 

About the middle of the 16. century, Walter Ryff in his 
treatise on distillation 1 ) describes and illustrates distilling ap- 
paratus with condensing tubes which are passed through vessels 
of cold water. The first apparatus has two tubes, connected 
with the helmet {fig. 25), which are passed through a barrel of 
water. However, Ryff declares this method of condensation as 
insufficient and recommends a worm tube, for the shape of which 

') See p. 46. 

14 * 
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he gives two forms (figs. 26 and 27), and concerning the use of 
which he gives the following account. 


Die Spiritus sollen durch sonderliche Instrument recht digerirt odor 
gekult, und von dor unmessigen hitz und erbrennung so/cher geyster ab- 
gezogen werden, als nemlich mit den rOren so mit vilen krummen durch 
ein wasser geht, von irer seltsamen krumme wegen Serpentina genannt, 
das ist Schlangenrdr. Solcher rtiren empfahen die erhitzigten geyster, so 
von dor wcrrne aufgetrieben" werden, und furet sie durch die vile krumh 
Uni, und wider durch das wasser damit sie genugsamlichen gckulet wer- 
den . . . . Zu einem Destinations- 


gerkthe nit allein in der Abstraction 
der spiritus oder geyster, sondern 
auch zu muncherley Destination, 
als nemlich der Pmacerirten oder 
wot erhitzigten, Purificirten oder 
Dirigirten Weckholderbeer, Stichas- 
b/umen, Spic, Lawendel, und ande- 
rer dergleychcn fi/iger, hitziger und 



Fir. Z\ 



Fir 24 


feyster geweehs und Wurze/n, von we/cher wir das oel ahziehen wti/len, 
darumb schaff die ein kiipffcrin oder irdin kcsscl zu Destilliren durch 
den dampff des hitzigen WSm'cra. Aut diesen kessel lass dir einen 

helm bereiten von guter erden, innerhalb und ausserhalb wo! 

verglasurt. Dtescr helm sol sich auf den kessel wohl schliessen, also 

dass es nit mOge ausriechen Dieser helm sol oben ein loch hahen, 

darin dn die rOren oder Serpentine stecken, und auch auf das best ver- 
machen mdgest, welches Serpentin durch ein wasser gericht sol werden, 
das a/lezeit kalt sei, damit die geyster , so fast rein und subtil, ganz 
feichtlich zu verhitzigt und verbrennt werden, on under/ass kulung und 
erquickung empfahen. Solch Serpentin magstu nach mancherley art und 
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manier bereyte, also dass die geyster under sich Oder ober sich ge- 
trieben werden .*) 

A peculiarly constructed apparatus for the distillation of 
aromatic waters and oils was recommended by Adam Lonicer 
in his tfrauter- und Destill irbuch published in 1573. Uffenbach’s 
translation of the description is as follows: 

Von Gewurzen und allerhand Saamen, als von HSgelein, Zimmet, 
Muskatnuss, Anissamen, ROmisch pummel, Wisskummel, Fenchelsaamcn und 
dergleichen, kann man mancherley edle und kOstliche Ole abziehen. Und 
dicweil solche Ole nun sehr gemein im Gebraucb seien babe ich die Form 
und Weise der gemeinen Instrument und Ofens, sammt der Destination, 



Fir. 25 . 


hiebei gesetzt (fig. 28). Man bereitet einen gemeinen Destillierofen, wie in 
emcm einfachen balnco Maris pflegt gemacht werden, darin setze man ein 
kupffern Blase so zicmlich grosz ist, dasz sie eine gemcine Masz oder 
sechs haltet. Solcher Blascn Hals oder Mund sol oben bandbreit weitsein, 
und iiber den Ofcn hcrausgcben. Darauff stiirtzet oder decket man ein 
kupffern Hut, so wot darin einscbliesset. Solcher Hut soil oben ein ROrlin 
baben so eines Fingers dick weit ist und eines halben Fingers lang uber 
sich gehet . Daran steckt man die blechen ROren, so uff die art, wie folgende 
Figur aussweiset, bereitet sein , dass sie gehet in ein andem kupffern Rolben, 
so auch einen Hut mit einem ROrlin oben hat. Darauff setzet man ein 
andere auch dergleichen blechen ROren oder Serpena in welche durch ein 
Vasz, in ein Furlegerglasz, darin die destil/irte Materie f/iesset , ausgehet. 

') W. Ryff, Hew gross Destillirbuch, wohlbegrundeter Destination, 
Frankfurt a. M. 1567. Fol.21. 
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So man nun von Gewurtze odcr von Samen die Ofea distiilirn will, sol 
man die kupffern Blase so in dem Brennofcn stehet ha/b vol Brunnen- 
wasser Hi Hen, und darnach die Gewurtze odcr Samen, darvon man die O/ea 
abziehen will, wol zerstoszen, derselben ein Pfund Oder zwei darin thun. 
Die Instrument oder ROren an alien Orten, da sie zusammen gesteckt wer- 
den, wol gebab mit Ochsenblasen und Heel verwaren, und das Feuer under - 




macben. trstlich sanfft und damacb je lenger je befftiger regieren. Solcbe 
Distillation gebet geschwind naber, in drei oder vier S tunden. Wann nun 
die beste Spiritus also herausz geflieszen und abgelauffen sein, sol man 
das Oleum so oben in dem Glasz sebwimmet, sauber darvon in ein be- 
sonder GISszlin gescbicklicb absondern .') 

*) Adami Loniceri Rrauter Bucb und kiinstlicbe Conterfeyungen sammt 
der schOnen und nutzlicben Kunst zu destil/iren. Von Petrus Uffenbach 
in's Teutscbe ubertragen. Ulm 1703. pp. 18—19. 
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Finally, the Arabians and probably others before them 
practiced “downward distillation*’ which corresponds on the whole 
to our modern dry or destructive distillation for obtaining em- 
pyreumatic or tar oils. At the time of the revival of the distilling 
art, this method was also applied to the preparation of the oils 
of certain woods, barks and spices. Juniper wood in particular 
had been submitted to this destiHatio per descensum since 



hg. 28 . 


antiquity, later also guaiac wood, cinnamon, cloves, mace and 
other spices were distilled in this manner. The furnace contained 
a division in the middle, with a central opening into which a pot, 
provided with a beak-like opening at the bottom, was either hung 
or plastered in. On top of the opening extending into the upper 
part of the furnace was placed a wire gauze and a second pot 
filled with the dry substance to be distilled was luted with its 
opening on the top of the lower pot. The heating was then 
effected by building a fire around the upper pot (fig. 29 ). Some- 
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times the lower pot was buried in the earth and a fire built 
about the upper pot fastened on top of this one in the same 
manner. 

For the destillatio per cfescensum on a small scale, glass 
vessels heated from the side (fig. 30) were also employed, and 
for some easily distilled substances even the heat of the sun 
(destillatio solis) (fig. 31) was used. At present the preparation 
of empyreumatic oils as well as of the finer tars is effected in 
cast iron or earthenware cylinders. 

Titles, such as de furnacibus construendis, as well as 
illustrations of some of the older treatises, already enumerated, 
reveal that no little attention was given during the middle ages 




lie- 
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to the construction of distilling furnaces. Abundant evidence there- 
of is found in the 16. century treatises on distillation. Besides 
the distilling apparatus most generally used at that time, and 
reproduced in figs. II, 12, 15, 18, 22, 24, 25 and 26, the socalled 
faule Heinz or Athanor (from Mmroj. imperishable), called fur- 
nus Acedia e by Ulstadt (fig. 32), was much in favor and was used 
to a great extent for the distillation of waters and oils. Above 
a common fireplace were placed three or more distilling retorts 
with Rosenhuthelm (p. 211, fig. 22). The fireplace ended in a 
central iron, copper or earthenware pipe, the opening of which 
could be closed by a cover. By means of slides at the sides 
of the fireplace the heat could be conducted under any one of 
the stills or retorts as desired, and the distillation was thus 
regulated. 
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For the distillation of large quantities in a large number of 
individual retorts or stills, larger cupil furnaces after the manner 
of the so-called “galley furnaces” appear also to have been in 
use. The illustrations and de- 
scriptions of these in some of the 
treatises on distillation of the 
16. century represent no doubt 




Fir 31. 


Fig. 32. 


more the possibility than the realization of perfection. Thejillus- 
trations of these furnaces were transferred from one distilling 



Fig. 


book to another, but the furnaces themselves probably have not 
been generally used in practice. Among others they are tho- 
roughly described in the text and reproduced by illustrations in 
the works of Matthiolus and of Lonicer previously mentioned. 
They are built either in the shape of a terrace (fig. 33), or of fa 
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bee hive (fig. 34). Matthiolus describes one of the latter type, 
in which the retorts are placed between the tiles, and its mode 
of operation in the following words: 1 ) 

Ultima hac fornace utuntur Vcneti ac Neapolitani, qui vitreis alem- 
bicis abundant. In aqua una tantum die et nocte, sicco ignis calore, eliciunt 
qua.' ultra centum libras. Fornax rotunda est, ut ex imagine hie appicta 
apparet, fornacibus, qua : in Genuanorum visuntur vaporariis, omnino simi/is. 
Continet bate circumcirca numerosa fictilia, intrinsecus vitro incrustata, 
urinalis forman referentia et diligentc sane artificio argillaceo luto aggluti- 
nata, quibus singulis per roturn fomacis ambitum singuli adduntur vitrei 
dlembici, e quorum vertice ex globulo ad hoc parato, recipientia crassius- 
culo f unicub ad alligata, pendent. Calefit hmc fornax eodem modo, quo 
Germanicorum vaporariorum fornacis. Atquedum ignis vehemens est, vacua 
relinquunt vasa, donee parumper remittatur , ne violente calore plantae et 
flores exurantur. Tunc itaque plures ministri, qui hoc tantum artificio 
aluntur, ohstructo undique fornacis ostio, ne conclusus expiret calor, herbas 
fictilibus injiciunt, et simul vitreos applicant alembicos. Atquc in hunc 
modurn copiosas eliciunt aquas et olea, qua: longe meliores hahentur, quam 
qu:e plumbeis conficiuntur instrumentis, quod nullam metallorum contrahunt 
infectionem. 

Although the compilers of the distilling books of the 16. cen- 
tury have successively followed the pioneer work of Brunschwig, 
especially in regard to illustrations, their writings nevertheless 
quite often show considerable differences in views, practical skill, 
and experience, and also in the originality of their knowledge 
and ability. With but little public intercourse these secluded 
workers and writers toiled mostly far from one another, each 
in his own sphere and manner, often with but a slight knowledge 
of the older writings and of the work of his contemporaries. 
With regard to the manner of distillation of the aromatic waters 
and oils, this is shown in an unmistakable manner in works com- 
piled in the course of the first half of the 16. century by Philipp 
Ulstad, Walter Ryff, Adam Lonicer, Valerius Cordus, and Conrad 
Gesner. All of these were mainly based on the writings of 
Hieronymus Brunschwig. Their views, however, as to the nature 
of distillation itself and of the distilling methods and apparatus 
arc neither in accord with those of Brunschwig, nor with those 
of their contemporaries. 

') Petri Andrea; Matthioli Opera qua extant omnia. Supplementum: 
l)e ratione destillandi aquas ex omnibus plantis: et quomodo genu ini odores 
in ipsis aquis conservari possint. Basiliae 1565. p. 5. 
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how little personal skill, practical experience and familiarity 
with the literature on the subject may be found in the writings 
and methods of working of the most prominent experimenters 
of that time becomes apparent e. g. from the construction of 



F.g.34. 


and preference for the distilling vessels employed. Thus for 
instance, Valerius Cordus, 1 ) profound in theoretical science, but 
ignoring the rationally constructed distilling apparatus then well 
known, used and recommended ein f(olb mit einem ange- 

») Vaterii Cordi Annotations in Pedacei Dioscoridis de Materia medica 
libros quinque . Liber de artiticiosis extractionibus. Liber 11. De destillatione 
oleorum. Anno dei 1540. p. 229. 
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schmelztem Helm (fig. 35) as an efficient apparatus meeting all 
the requirements of the art. At the same time Conrad Gesner, 1 ) 
his contemporary, used for the same purpose a distilling furnace 
(fig. 36), which had long been in use. 

How confused were the ideas as to the nature of the dis- 
tillation of the volatile oils even on the part of a man like Gesner 
who was theoretically and practically equally well trained, becomes 
apparent from the following extract of Gesner's description of 
the preparation of distilled oils and of spirit of wine from wine. 

Die Specerey ( Nelken , Muscatnuss, Safran , Maas, Benue , Myrrha, 
Storax etc.) wird grub gepulvert, dann nut aqua vitae durchfeuchtet und bvi 
gviindcr Warme destillirt .... wenn das ()/ aniahit zti f Hessen, su nimm 
die matcri der specereyen nus dem tolben und thus in cin sack/in, welches 
wold verbunde sye mit cittern faden, und trucks aus under einer prassen. 
Also dass der beide htiich der pressen wohl heiss machest. Und also ge- 
biilirt es sic/t das ausgetruckt 01 zu destiUiren, recti- 
ficiren und ctrcu/iren , dam it auff diese wets das rein 
lauter 01 werde geschieden von der groben yrdischen 
materi. Demnacb mag man wo! w iederumh die hapffen 
putrificiren und digeriren mit dem vorgemelten aqua 
vitm, so von anderem abgesunderet wotden. Unn zum 
let ?. ten w iederumh destiUiren.') 

The operation was interrupted at the be- 
ginning, the fatty oil saturated with ethereal 
oil expressed, and the volatile oil remaining in the residue 
separated by distillation. 

For the distillation of the volatile oils from flowers, Conrad 
Gesner gives the following directions: 

Die Bliimen der Spiken odor des Lavander solt du vine kurze Zeit tang 
sonnet t in einer grossen glasinen retorte und darnacb ein Wasser in einem 
alernbik darvonnen destiUiren und abziehen. Dieses Wasser durcb den ganzen 
Sommer gesetzt an vine Wtirme statt an die Sonnen, so treyht es fur und 
fur Ol liber sich, welches 01 du al/wSgen so/t von dem wasser separiren 
und absiindern mit einem f&derlich (teathervane) und dasselbe fleyssig be- 
balten in einem glasinen guttern (flash) wohl vermacht und verstopfet .') 

l ) Thesaurus Euonymi Philiatri, tin kOstlicher Schatz etc. Zurich 1555. 
Hoi. 216. "Wie man mOge Del separiren und abziehen von den Specereyen, 
Bliimen und Samen Edition of 1583. p. 206. 

-) Thesaurus Euonymi Philiatri, tin kOstlicher Schatz etc. Zurich 1555. 
Eol. 215-237. 

•'’) Ibidem fol. 222. 
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According to Gesncr, anise and other umbelliferous fruits 
are to be bruised and macerated with wine (fol. 227) before being 
distilled. Juniper berries are distilled per descensum, and the 
empyreumatic oil thus obtained rectified by destiUatio per as- 
censum (fol. 231). 

As an illustration of the crude views held as to the nature 
of distillation, and as to the products of distillation, the direc- 
tions for the rectification of spirit of wine given by Ulstad *) and 
followed by Gesner-) may here be quoted: 

Wann weyn zwey oder drey mal fleyssig und ordent/ich destil/irt sein 
wird, so nimm einen rvinen und dunnen Schwamm und zerhauwe denselhigen 
in so grosse stuck, welche in der grOsse sygend, dass sy oben fur an alien 
orten inwendig der kolbensmogind anruren. Der sclbig schwamm sol ange- 
bunden werde und mit zweyen oder dreye schnur/inen, welche fur den ko/be 
harausreichind, damit so du demnach einen 
helm darauf setzest, die schwamm nit mOgind 
an boden des destil/iergefesscs fallen, und 
dieselbigen schwamm sOllend vorhin in 
baumOl gesetzt werdcn, und demnach wieder- 
um ein wenig ausgetruckt, damit nic fit etwan 
das baumOl in den ko/bvn herabtrieffe, und 
der materi so man zum destilliere genomme 
hat, vermischt werde und wann du jrn also 
thon hast, so setz ei helm darauff welcher 
a/lenthalben verst riche seyge, damit kein 
damptf nirgends heraus gan mOge. Unnd durch diesen schwamm wer- 
dend die aufgetriebenen geyster des aquae vitae simplicis seer wSsentlich 
und feyn destil/iert. Also was grober unreiner, yrdischer und ungedOuw- 
ter materi und substanz ist, mag von wfigen dess 01s nicht durch den 
schwamm gan und durchtringen. Und so du den gebrannten weyn auff 
diese wey.v und art zu desti/lieren zu hand nimbst, so wirst du mer in 
einem ahzug schaffen, dann sunst in dreyen. 

As has already been mentioned, the 1 7. century, crippled as 
it was by the destructive storms of the Thirty Years war, added 
but little to the further development of the art of distillation 
and other technical scientific industries. The few active experi- 
menters, however, favored with a better understanding, endea- 
vored to perfect not only the apparatus used, but the processes 
as well. As the DestiUirbuch of Brunschwig and similar treatises 
of his successors reflect the practical and theoretical knowledge 

*) Ccelum Philosophorum seu liber de secretis naturae. Argentor. 1528. 

2 ) Thesaurus de remediis secretis. Vol. 1, fol. 68. Tigurj 1552. 
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of the 16. century with its mistakes and imperfections, so Rudolph 
Glauber's*) treatise on distillation reflects the condition of the 
art and science of distillation during the second half of the 
17. century. Although Glauber's laboratory work and the character 
of his writings was of a wider scope than that covered by the 
older treatises on distillation, yet he also paid special attention 
to the distillation of aromatic plants and spices. In this, he 
and his contemporaries seem to have paid special attention to 
the improvement of the methods of distillation for the purpose 
of relatively increasing the products of distillation. For this pur- 
pose, as has already been mentioned on page 65, a very rational 
expedient of increasing the specific gravity and thus raising the 
boiling point of the water used for the distillation, was resorted 
to. It was effected by the addition of salts. A peculiar method 
for the distillation of volatile oils with the addition of muriatic 
acid is described by Glauber in the following words. 

Fiille einen gliisernen A olben voll mil Cinnamomum Oder anderem 
Hulz, Sarnen, Mavis etc. und giesse darauf so \ id Spiritus sal is,*) dass vs 
das lignum bedecke, setze solchcn mit cinem alembic in das Sandbad, gieb 
Idler, dass der Spiritus sa/is knchc, so stvigt mit wenig pb/egmate al/es 
Ol liber, denn der Spiritus salis durchdringet wegen seiner Scbdrfe das 
lignum, maebt das Ol Icdig, dass es desto lieber uberstciget. Also wird 
duff solcbe Weise das 0/ niebt wegen grosset Menge dcs Wassers ver- 
sebmieret und verlohren sondern in kfeinen Glasern mit wenig Wss.se/ auf- 
gefangen und separirct .... Auf solcbe Weise mit dem Spiritus salis kann 
man aus alien theuerbaren Vegetabilibus ibr fiehliches Ol mit Nutzen macben. 
Desg/eicben kOnnen aucb a/le ( jummi und Harze, wie Mastix, Olibanum etc. 
in k/are Olea durcb Hiilff des Spiritus salis desti/lirt werden*) 

For the decoloration of distilled oils, also for the impro- 
vement of oils that have darkened with age, such as the oils of 
cinnamon, cloves and nutmeg, Glauber describes their rectification 
per retortam with Spiritus salis. 1 ) 

') )ohanni Rudolph Glauberi Furni novi phi/osophici Oder Bescbreibung 
der neu erfundenen Desti/lirkunst. Amsterdam 1648 — Leiden 1648 — 
Prague 1700. 

3 ) An impure muriatic acid obtained by the distillation of common salt 
with sulphuric acid or alum. 

") Glauberi Furni novi pbilosophici. Editio Prague 1700. Part. 1, 
pp. 35-36. 

4 ) Ibidem Part. 1, pp.39 43. 
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For the distillation of plant materials with salt and dilute 
muriatic acid, Glauber gives the following directions: 

Die oiea aromatum seminum, florum, lierbarum, radicum, lignorum etc . 
werden gemacht, indem die Samen gemablen, die Blumen, KrSuter and 
Wurzeln kleingehackt, die HOlzer geraspe/t und mit soviel Wasser angefii/lt 
werden, dass dieselben wohl darinnen schwimmen und maceriren kOnnen 
und noch feuchtigkeit genug bleibe, damit dieselben bei der Destination 
nicht anbrennen und statt eines lieblichen ein brenz/iches 6l erhn/ten werde . 
Trockene Samen, Blumen, KrSuter, Wurzeln und tiOlzer mussen zuvor 
etfiche Tage in dem Wasser stehen und sich erhitzen, ehe sie kOnnen destillirt 
werden, und muss auch das Wasser zu den trockenen Species gut gesalzen 
werden, dadurch dieselben erweichen und Hire oiea desto lieber von sich 
geben. Zu denen noch grunen Gewachsen ist es nicht nOthig; doch kann 
es auch nichts schaden, denn das Wmer kann durch Hulte des Salzes desto 
heisser werden, dadurch die Oiea desto lieber steigen, und hilfft auch vie/ 
dazu dass man Weinstein und Maun zutliut , welche der Destination nicht 
wenig BefOrderniss thun. Wenn dann die Species ihre Zcit in dem gesalzenen 
Wasser gestanden und wohl durchbissen seyn, thut man diese/be in das 
Desti/lirfass etc., so gehet mit dem Wower, wenn es kochet, des Kraut's, 
Samen's oder Holies 0/ heruber, und wiewohl aid diese Wcise durch Hull! des 
Sal/es vielmehr iihergehet, als mit sussem Wasser al/ein, so bleiht doch noch 
t iel zuruck, welches vorn Wasser nicht hat ledig gemacht und uhergetrieben 
werden kOnnen. Dieserha/ben der beste Weg ist, solche oiea mit Nutzcn zu 
machen, durch den Spiritum sal is zu destill ire, wie itn ersten Buch gelehrt. 1 ) 

Glauber’s authority was recognized until the middle of the 
18. century, and the methods of distillation recommended by him 
in his several writings were employed by his contemporaries and 
their successors. Therefore, Boerhaavc, Hoffmann, their con- 
temporaries, and later investigators prepared the volatile oils by 
using common and other salts, or hydrochloric acid. 

It is perhaps due to the observation that metal was present 
in an oil or a distilled water, especially if an acid had been used 
in its preparation, that in the course of the 18. century more 
attention was again bestowed upon the material of which the 
still was constructed. In consequence glass and glazed earthen- 
ware were substituted for metal. As a matter of fact it seems 
that as early as the 15. century the presence of metals in the 
distillates obtained from metallic stills did not escape the notice 
of some of the experimenters. Among others Joh. Krafft*) 

*) Glauberi Furni novi philosophici. Editio Prague 1700. Part. 3, p. 30. 

■’) Crato von Kraftheim, Conciliorum et epistolarum libri VII. Francofurti 
1589. Vol. 1, fol. 190. 
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(Crato von Kaftheim, born 1519, died 1585) cautions against the 
use of copper distilling vessels. The famous Parisian physician 
Ambroise Par6 l ) (born 1510, died 1590) warns against the use 
of lead helmets and condenser tubes “which ofttimes cause the 
distilled water to be milky”. The Bologna physician and professor, 
Benedetto Vcttori*’) of Faenza (Victorius Faventius, bom 1481, 
died 1561) declared about the year 1555, that water, when con- 
ducted through lead pipes, dissolves lead and thus becomes 
poisonous. 

However, these observations, like so many others made in 
the art of distillation, appear either to have been known to but 
a few, or else were unheeded and again forgotten, for even during 
the 17. and 18. centuries when oils were distilled with acids, lead 
and tin heads and condensers were in general use in connection 
with copper stills or glass and earthenware retorts. 

As already mentioned in the preceding chapter, the distillation 
of the volatile oils and the construction of the distilling apparatus 
received more attention and underwent a more rapid development 
with their general introduction into the laboratories of apothecaries. 
In these the volatile oils used in medicine and the arts were pre- 
pared up to the first decades of the 19. century. Only a few oils, 
such as the oils of lavender, rosemary and rose, which could be 
produced readily in some countries and which were largely used 
in the perfume and soap industries, have been obtained since the 
16. century in larger quantities by means of primitive portable 
distilling apparatus. 3 ) The distilling vessels used in the apothecary 
laboratories and the intinerant stills (Wanderdestillirgerate or 
a/ambics voyageants) used in France, Spain, Italy and Bulgaria, 
consisted of copper stills with a copper or tin head and tin con- 
densing tubes of various shapes. 

One of the better distilling apparatus used for the distillation 
of volatile oils in the 18. century consisted of a tin or copper 
body suspended in a water bath, and provided with a Mohren - 
kopf (fig. 15, p. 208), a Rosenhut (fig. 22, p. 21 1) and a spiral tube 

') Les (Euvres do M. Ambroise Pare, conseiller et premier chirurgien 
du roy. Paris 1575. Editio latina par lean Haultin. Parisii 1582. p. 746. 

■*) Victorii Faventini Practice magnao de morbis cu rand is ad tirones, 
tomi duo. Veneti 1562. Tom. 1, cap. 21, fol. 144. 

3 ) See pp. 48, 137, 182 and 183. 
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for condensation. An illustration (fig. 37) and description of this 
distilling apparatus was published in 1784 by Francois Dcmachy 1 ) 
(born 1728, died 1803), director of the apothecary laboratories 
of the civic hospitals of Paris. 


The copper kettle v serves as a waterbath, which can be turned by the 
handles s s and refilled with a fresh supply of water through the side tube m . 
The tin still d rests with the upper ring n on the rim h of the kettle. The 
lower neck q of the head of the still b rests 
at n on the upper rim of the still. Around 
the lower edge of the head runs the trough c 
in which the distillate that has been con- 
densed in the cone collects and passes with 
uncondensed vapors through the tube c u into 
the spiral condenser. 

The Mohrenkopfa, 
serving as a cooler for 
the posenhut b, is sol- 
dered to the neck k of 
the condensing cone. 

The water in the cooler 
warmed during the pro- 
cess of distillation, runs 
off through the upper 
tube c as fast as cold 
water is added. 

Since the begin- 
ning of the 19. cen- 
tury attemps have 
been made to simp- 
lify and to improve ■ 
the construction of 
the distilling apparatus, more especially of the cooler, also to 
prevent the burning of the plants on the bottom of the still caused 
by the application of direct heat. Such improvements were made 



Fig. 37. 


*) J. F. Demachy, L'art du destillateur des eaux fortes. Paris 1773. — 
The German edition bears the following title: Herrn Demachy’s Laborant im 
Grossen, oder die Kunst, die chemischen Produkte fabrikmissig zu ver- 
fvrtigen. in 3 Theiien. Mit Dr. Struves Anmerkungen und einem Anhange 
einiger Abhandlungen des Apothekers Wiegleb. Translated from the French 
and supplied with additions by Samuel Hahnemann, der Arzneikunde Doctor 
und Pbysicus des Amts Gommern. 3 Vols. Leipzig 1784. Vol. 1, pp. 192" 198 
and plate 2, Fig. 1. 

Gildemeister, The volatile oils. ^ 
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especially by Joh. Gottfr. Dingier, 1 ) apothecary in Augsburg, during 
the years 1815—1820, by Smithson Tennant 2 ) in 1815 and by 
Henry Tritton*) in 1818, both of England. The latter attempted 
to carry on the distillation at a lower temperature by connecting 
the apparatus with an air pump. The distilling apparatus more 
commonly in use at that time for the distillation of volatile oils 
was the one shown in the accompanying cut (fig. 38). 

Steam distillation was recommended in 1826 by H. Zeise 4 ) 
and especially for volatile oils by van Dijk in Utrecht, 1 ') who 
thereby materially aided in its introduction. He demonstrated 
that “the volatile oils which were obtained by steam alone from 



Fig. 38. 


the vegetable material, distinguished themselves fronv those 
obtained by distillation over open fire, by a lighter color and 
purer odor. Clove oil distilled with steam is nearly colorless, 
cinnamon oil light straw yellow and orange peel oil completely 
colorless”®) 

') Trommsdorff’s Journ. der Pharm. 11, 1. (1803), 241 ; also Buchner’s Repert. 
fur die Pharm. 8 (1817), 137; and 6 (1819), 142. 

*) Philosoph. Transact, of the Royal Soc. of London. 1815. — Repertory 
of Arts. London. Sept. 1815. 

a ) Annals of Philosophy. June 1818. — Buchner’s Repert. fur die Pharm. 
<t (1819), 98. 

4 ) H. Zeise, Be/trige zur Nutzanwendung der Wasserdimpfe. Pamphlet 
Altona 1826. — Arch, der Pharm. 16 (1828), 69. 

& ) Buchner’s Repert fur die Pharm. 29 (1828), 94. 

") ibidem 29 (1828), 110. 
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The first steam distillation on a larger scale in a pharma' 
ceutical laboratory appears to have been that in the old Apothe- 
cary’s Hall in London. 1 * * ) 

In Germany steam distillation for the preparation of volatile 
oils in apothecary laboratories was also made possible by the 
introduction of a steam distilling apparatus, constructed about 
the year 1826 by Johann Beindorff, 8 ) mechanic and tin founder 



n*.». 


in Frankfurt-on-the-Main (fig. 39). With this apparatus, soon per- 
fected in many ways, the distillation of volatile oils with steam 
under pressure was possible. The condensing arrangement also 
had the advantage over the spiral tube by being made up of 
separate parts, and thus allowing it to be readily cleaned even 
on the inside. 

l ) Buchner’s Repert. fur die Pharm. 2® (1828), pp. 112 and 111 

•) Geiger’s Magazin fur Pharmazie etc. 11 (1829), 174 and 291. - Buch- 

ner’s Repert fur die Pharm. 88 (1830), 436. 

1 * 
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For the preparation of volatile oils on a small scale, the 
arrangements based on the original steam distilling apparatus of 
Beindorff remained, until the industry conducted on a large scale 
became dominant also in this field and prepared products of a 
quality and at prices with which the preparation on a small 
scale could not compete. 

Of the arrangements used for a long time for the separation 
and removal of the oils from the water, the Florentine flask in 
various forms and sizes has shown its utility and has been in 
continual use. It probably came into use in the middle ages. 
A method of separation of oil and water, which in its principles 
corresponds to those of the Florentine flask, was apparently 
described for the first time by Porta 1 ) in the latter half of the 
16 . century. 

“When oils are extracted from plants, those substances which with the 
water pass over into the receiver must be separated carefully, in order that 
the oil, which contains on excess of phlegm, may not be weakened. Hence 
the oil must be rectified in order that it may retain its full strength. This 
is accomplished by distillation and separation. For this purpose the first 
distillates are mixed, poured into a retort placed into a water bath (in balnea 
Maria?) and slowly distilled over. The pure oil will float on the surface of 
the aqueous distillate. The separation of the oil from the water demands 
painstaking labor. For this purpose, however, ingenious vessels have been 
devised which admit of the ready separation of water and phlegm from the 
oil. The glass vessel serving this purpose is open at the top and widens out 
funnel-like toward the bottom. The water, phlegm and oil are transferred 
slowly, drop by drop, into this flask, whereby the oil rises to the surface. 
A lateral tubular opening is closed with the finger. By effecting a partial 
opening the lower layer of water is allowed to flow out, whereas the oil 
collects above the opening closed by the finger. Thus the oil is separated 
from the water that has been allowed to flow out. Finally the oil is trans- 
ferred to another container. 

"Still another separating vessel has been devised for this same purpose. 
The bulging flask contracts to a narrow neck, to the middle of which is 
attached a bill-like tube. The oil mixed with water is poured into this flask, 
the water remains below, the oil rises to the surface and into the neck. Water 
is then added drop by drop so that the pure oil flows drop by drop out of 

l ) Joh. Baptist# Portae, Neapolitan! Magix naturaiis libri viginti, in 
quibus scientiarum natural in m divitix ct delieix demonstrantur. lam de 
novo, ah omnibus mend is repurgati, in lucem prodierunt. Rotnae 1565. 
Antwerp. 1567. Editio Hanoviae 1619. Liber decimus: Destillat, destillata 
ad fastigia virium sustol/it p. 367—412. 
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the bill. In the case of other oils which sink to the bottom, the water is 
allowed to flow out above. Any water remaining at the surface is removed 
by cotton (a lamp wick) whereby the purest oil remains behind.” 1 ) 

The Florentine flask, like many other improvements per- 
taining to the art of distillation which were not generally known, 
was soon forgotten. As a result it was rediscovered several 
times from the beginning of the 17. century to the year 1823. 
Thus the flask was again described and introduced by Hom- 
berg 2 ) at the end of the 17. century, about one hundred years 
after Porta’s description — only, however, again to be forgotten 
for a considerable period of time. A century later, in the 
year 1803, the Florentine flask was again recommended for the 
distillation of volatile oils by the Augsburg apothecary Johann 
Gottfried Dingier 5 ) and later in 1823 once more introduced as 
something new by the apothecary Samuel Pectz 4 ) in Pesth. 

The Florentine flask of older construction, as described by 
Porta, has been in use for a long time. The oil was siphoned 
off by means of a porous siphon consisting of a lamp wick into 
small bottles (fig. 40). Later the Florentine flask shown in fig. 41 
was also used. The flask used at the present time in the large 
factories is not only larger, but contains in the upper part on 
a level with the oily layer a glass stopcock through which the 
oil can be drawn off from time to time (fig. 43), or an overflow 
tube through which the oil when it reaches a certain level runs 
into a receiver (fig. 42). 

In the course of time a number of differently constructed 
receivers for the separation of the volatile oils have been proposed, 

*) . . . Quomodo oleum ex aquis separemus a/iud separaturium 

vas ad idem ingenuosissime excogitatum est, tenuet venter vasis, collum 
angustum est, cujus medio rostellum affixum est. Transfundatur in vas 
oleum aqua remistum, occu pat aqua fund urn, oleum supra collum: guttatlm 
aquam addes, donee oleum ascendat ad rostellum , ex pemento, indinato 
vase, descendet purissimum oleum et purgatum , ubi aliquid evacuasti, 
sensim aquam addendo, ascend it oleum ad canal icu lam coq.; iterum in * 
c/inato, re/iquum transfundas. Si vero oleum subsidet, aqua super adlatur, 
ut multories eveniet, in latam fideliam vel quodcunq.; vas impositum, 
gossipino licineo adaptato, aqua foras transmeabit, oleum purissimum quod 
superest, in fundo residebit". 

*) Philippe and Ludwig, Geschichte der Apotheker. 1858. p. 513. 

a ) Trommsdorffs )oum. der Pharm. It, II. (1803) 242. 

4 ) Buchner's Repert fur die Pharm, 14, HI. (1823), 481. 
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without however, causing the Florentine flask to be discarueu. 
The first of these was proposed by Amblard of Paris 1 ) in 1825. 
It consisted of a conical glass tube, open at both ends and 
drawn out to a taper. This tube was suspended by means of a 
cork ring at its upper end in a high glass mixing cylinder. This 
cylinder was provided at the top with an overflow tube. The oil 
collects in the glass tube and can be removed from this after 
closing the small lower opening, by pouring out as often as desired. 

The more salable volatile oils which were used in larger 
quantities in the perfume industry that had developed in France 
in the course of the 18. century were still prepared during the 
first quarter of the 19. century in the traditional primitive distilling 
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vessels, and were improved by rectification. In Germany the 
apparatus shown in figs. 38 and 39 were principally used. While 
the oils of lavender, rosemary, orange flower, and other fragrant 
oils (essences) were manufactured in France, and rose-oil in Tur- 
key, Germany and Hungary supplied the market with the oils of 
caraway, fennel, anise, coriander, calamus, peppermint, spearmint, 
valerian, chamomile, and others used in medicine and in the 
fine arts. In southern France, especially on the sunny slopes 
of the Alps near the Mediterranean coast, the industry of the 
aromatic oils developed considerable proportions in the early 
part of the past century. The oils principally used for medi- 
cinal purposes, however, were still prepared in apothecary labor- 


‘) Bulletin des travaux de la Soci£t6 de Pharm. Paris, May 1825, p. 247. 
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atories. In the course of time certain apothecaries and druggists, 
having made a beginning on a small scale, erected much larger 
establishments for the preparation of volatile oils. This was 
done especially in regions suited to the cultivation of medicinal 
plants, for instance, in Thuringia on the Saale and the Elbe, in 
Saxony, Bohemia, Franconia, and also in Hungary. Only a few 
of these, however, remained in existence for any appreciable 
length of time. As in other branches of chemical industry, 
these originally small distilling operations were replaced every- 
where by a larger, more rational and efficient industry. Since 
the middle of the past century this new industry has worked 
hand in hand with science and technology. It has not only en- 
larged, but also improved the conventional methods and apparatus 



for distillation. Whereas on the one hand it utilized the results 
of science, on the other it not only stimulated science, but gave 
direct assistance. 

Beginning about the middle of the past century the earlier, 
simple apparatus took on a different shape in the factories of 
this larger industry of the volatile oils. The original small 
distilling apparatus were replaced by larger and more rationally 
constructed ones which not only effected a better exhaustion of 
the vegetable matter and thus increased the yield, but also 
produced oils of a better and purer quality. 

The apparatus commonly used in the factories about the 
middle of the present century, were the stills arranged for the 
so-called water-distillation, and others for the so-called dry steam- 
distillation. 
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The first type of still (fig. 44) is a simply constructed 
apparatus for the distillation of plant material in water, as well 
as for the rectification of crude oils by steam. The still is heated 
by means of steam admitted under pressure through the holes 
of a ring d at the bottom, or by allowing the steam to escape 
directly into the lower double walled jacket B. The aqueous 
distillate constantly flows back 
into the still through the tube F. 
W In the distillation with dry 

I 1 steam (fig. 45), the still is filled 

9 «f* with the plant mat- 

I cria ' w, *ftout the ad- 

I dition of water and 

I distilled with steam 

n iSpiiiil P assin S through the 

1 MSBi material from the bot- 

I tom upwards. These 

aMm or similarly con- 

rai l , nf Mi structed steam distilling ap- 
jmm |HU paratus are employed even at 
the present time for the distil- 
l ' lation of some of the oils, only, 

in place of the spiral, a tube 

With the introduction 
these apparatus during the 
I middle of the past century the 

1 Flf I volatile oil industry had taken 

^ * A its position as a branch of the 

u rapidly developing chemical in- 

dustry at large with southern 
France and central Germany as the principal centers of production. 
Owing to the remarkable development of the entire perfume 


industry during the second half of the past century, the con- 
sumption and commerce of the volatile oils assumed entirely 
unanticipated proportions and importance. Scientific and tech- 
nical attainment, commercial interests and business competition 
brought about numerous changes in rapid succession. More 
rational methods of distillation were devised, large apparatus 
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for the distillation of enormous quantities were constructed. Some 
of the largest have a capacity of from 30000 to 60000 liters. 

The evolution of the modem distilling apparatus as applied 
to the distillation of volatile oils, like that of the theory and art 
of distillation in general, is replete with historical interest. 

On the following pages will be found a number of illustrations 
of some of the modern stills used in the largest German factory. 
Looking backward it might seem as though there were no con- 
nection between the modern giant stills and their prototypes. 
Yet every one of them is but a link in the long chain of dcvelop- 
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ment of the art of distillation. That the process of evolution 
has been exceedingly rapid during the past ten years does not 
affect the truth of this statement. Almost every one of these 
pieces of apparatus has been newly created out of the ruins of 
its immediate predecessor. 

In modern chemical industry Germany unquestionably ranks 
first. Of the various branches of this industry that of the 
manufacture of volatile oils and synthetic aromatics has acquired 
an importance previously unexpected and with it a correspon- 
dingly influential position. 
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Modern distilling and rectifying apparatus. 
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Fig. 47. 


Distilling and rectifying apparatus. 
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Fig. 48. 


Distilling apparatus for water distillation. 





Fig. 49. 


Distilling apparatus of 30000 liter capacity. 
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Rf. 51. 


Giant distilling apparatus of 60000 liter capacity. 
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Fig. 53- Modern distilling apparatus. 






THE PRODUCTION OF FLOWER 
PERFUMES 

BY EXTRACTION, ENFLEURAGE, AND MACERATION. 


16 * 




The most common method for the production of volatile 
oils is that by steam distillation. This method not only produces 
the best yields and the purest oils, but also enables the operator to 
attain the end sought most cheaply and with the simplest appa- 
ratus. Furthermore, large quantities of oil can thus be produced 
without much human labor. In particular instances, however, 
distillation does not produce the desired result. This is par- 
ticularly true when the high temperature of the steam destroys 
the unstable perfume substances, or when the amount of oil is 
relatively small, moreover if it is readily soluble in water. In 
such instances distillation may, under favorable circumstances, 
yield a fragrant water, which, even by cohobation, may not se- 
parate a volatile oil. 

As a matter of fact, some of the most fragrant parts of 
plants, namely the flowers, are not suited to steam distillation. 
In order to prepare the odoriferous substances which impart 
to them their fragrant odor, other methods arc employed. In 
such cases the volatile oils may be extracted either with 
volatile solvents or with fat, or they are allowed to be ab- 
sorbed by fat. 

Hence a distinction is made between: 

A. Extraction with volatile solvents. 

B. Extraction with nonvolatile solvents, /. e. fats. 

1. Without the aid of heat: enfleurage. 

2. With the aid of heat: maceration. 

Which of these methods is best adapted to the extraction of 
the perfume of a particular flower has been determined in sou- 
thern France by long years of experience. 

Extraction with volatile solvents is applied to roses, Parma 
and Victoria violets, orange blossoms, jasmine, tuberose, jonquil, 



246 


Extraction, enfleurage, and maceration. 


cassie, and migonette, occasionally to carnations, lily of the 
valley, heliotrope, elder flowers, stock, narcissus, and mimosas. 
In like manner a concrete oil is prepared from the so called 
Mousse de chene, the lichen Evernia prunastri. 

Enfleurage yields the best results with jasmine, tuberose, 
jonquil, lily of the valley, and migonette. 

Finally, the process of maceration is applied to rose, orange 
flower, violet, cassie, and lily of the valley. 

As becomes apparent, some flowers e. g. rose, cassie 
and violet, can be treated equally well either with volatile 
solvents or with warm fats. It has been known for a long 
time that jasmin and tuberose when thus treated give an un- 
satisfactory yield, whereas the enfleurage process gives good 
returns. 

Passy 1 ) who first called attention to this fact, gives the 
following explanation for this difference in behavior of the se- 
veral flowers. 

“Flowers can be divided into two classes of which the one, to which 
rose and orange flower belong, contain their perfume ready made. The other, 
to which belong jasmin and tuberose, contain either no ready made volatile 
oil or but very little thereof. These, however, continually produce perfume 
as a part of the life process of the cells. If the flower be killed by petroleum, 
ether, or hot fat, the life process and with it the formation of volatile oil 
naturally ceases. If, however, the cut flower be placed over fat, it contiriues 
to live for a long time and to emanate odors which in the enfleurage pro- 
cess are absorbed by the fat." 

When Hesse-) tested experimentally this hypothesis he arri- 
ved at the surprising result that in the case of jasmin the en- 
fleurage process yields ten times the amount of oil yielded by 
the extraction with volatile solvents. In the case of tuberose 
the proportion is even greater. Hence the conclusion is justified 
that in the case of the jasmin and tuberose the production of 
odoriferous substances continues during the process of enfleurage, 
being absorbed as it is formed. This also proves the superiority 
of the 'enfleurage process over that of the extraction method 
for certain flowers. For other flowers this does not hold true. 

l ) Compt. rend. 124 (1897), 783; Bull. Soc. chim. III. 17 (1897), 519. 

*) Berl. Berichte 84 (1901), 293, 2928 ; 88 (1903), 1465. 
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Thus, according to Hesse and Zcitschel, 1 ) 1000 ko. of orange 
blossoms yield only 100 grams of volatile -oil when submitted 
to the enfleurage process, whereas maceration yields 400 grams 
and distillation with steam 1200 grams of oil, of which, however, 
about 400 grams are dissolved in the aqueous distillate. 


A. EXTRACTION WITH VOLATILE SOLVENTS, 


The first to suggest the use of volatile solvents for the ex- 
traction of flowers was Robiquet. In a paper 9 ) contributed in 
1835 he points out that some plants, such as jonquil, jasmine, 
heliotrope, and tuberose, in spite of their agreeable fragrance, 
yield no volatile oil when treated in the ordinary manner. He 
ascertained that the odoriferous principle of jonquil, could be 
obtained by extraction with ether and subsequent evaporation 
of this low-boiling solvent. A year later L. A. Buchner/) stimu- 
lated by the report of Robiquet, ascertained that ether could 
also be used for the extraction of other flowers with a readily 
evanescent aroma, such as those of Philadelphus coronarius, 
Tilia europae a, and Reseda odorata. In 1838 Favrot 4 ) proceeded 
in like manner with the extraction of the perfume of the flores 
acacia; (presumably the flowers of Robina pseudacacia?), also 
of the flowers of Syringa vulgaris. 

A more detailed study of the extraction of flowers with 
volatile solvents was made by Millon 6 ) in Algiers. In addition 
to ether he recommended chloroform, carbon disulphide, wood 
alcohol and the low boiling fractions of benzin, 

*) Joum. f. prakt. Chem. II. 64 (1901), 245. 

*) gecherches sur I’arome de k jonquiUe. Journ. de Pharm. 21 (1835), 
335; Buchner’s Repert. f. d. Pharm. 54 (1835), 249; Pharm. Zentralbl. 1885, 553. 

*) Versucfie zur Extraktion der Bluten mit Ather. Buchner’s Repert. f. 
d. Pharm. 56 (1836), 382. 

‘) Joum. de Chim. m6d. 1838, 221 ; Pharm. Zentralbl. 1888, 442. 

a ) Mtmoire sur k nature des Parfums et surque/ques fieurs cu/tivables 
en Algtrie. Journ. de Pharm. et Chim. HI. 80 (1856), 407; Compt. rend. 43 
(1856), 197. 
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Millon placed the flowers into a percolator (apparei! a ^placement) 
covered them with ether and renewed the menstruum after 10 to 20 minutes. 
The extract, obtained after evaporation of the ether, he kept in open con- 
tainers because he thought that the air acted favorably on the odoriferous 
principle. This, however, was a deception. Unless the solvent is carefully 
removed with the aid of a vacuum, mere traces of it can be detected if the 
extract is kept in closed containers. Millon was not ignorant of the fact that 
the greater part of the extract consists of vegetable wax which is well nigh 
insoluble in alcohol. Hence he determined the amount of odoriferous sub- 
stances by ascertaining the difference in weight of the extract before and 
after treatment with alcohol. 

Millon also pointed out that the time ol day in which the flowers are 
collected is an important factor. Thus carnations should be gathered after 
2 to 3 hours of intensive sunshine, roses in the morning after they are fully 
blown, jasmine before sunrise. To a sensitive nose cassie flowers have a 
different odor according to the time of their collection, morning, noon or eve- 
ning. Millon recommends that the following flowers be extracted: orange 
blossom, tuberose, heliotrope, stock and narcissus. 

The substitution of petroleum ether for ether, a practice now 
in common use, was suggested by H. HirzeP) of Leipzig. His ap- 
paratus constructed for this purpose, were patented as early as 
1864 in France, England, Austria, and several of the German states. 
The problem of utilizing on a technical scale the extraction with 
ether, carbon disulphide, chloroform, and petroleum ether, was 
developed about the same time by A. Piver.-) The use of methyl 
chloride as a solvent was recommended by Camille Vincent.") 

In the early seventies, Louis Roure') devised a method for 
the preparation of the so called essences concretes, concentrated 
alcoholic perfumes, obtained by extraction. These were exhibited 
at the Vienna Exposition in 1873. A very complicated apparatus 
was patented by Laurent Naudin r> ) in 1875. This permitted of 
the vacuum distillation of the solvent charged with the perfume. 

However, it is only since the last 25 to 30 years that the 
method of floral extraction with volatile solvents has found in- 
dustrial application. It was at that time that Massignon in Cannes 
erected a battery of extraction apparatus similar to the diffusion 
apparatus employed in sugar factories. The solvent saturated 

*) Hirzel’s Toiletten-Chemiv. 111. ed. Leipzig 1874, p. 77. 

,J ) Ibidem p. 79. 

s ) Piesse, Chimic des parfums. 1903, p. 69. 

4 ) Berichte von Roure-Bertrand Fils October 1900, 27. 

*) Bull. Soc. chim. II. .1* (1882), 586 to 600. 
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with the perfume was evaporated in a vacuum still. As menstruum 
Massignon first used ether, carbon disulphide, methyl chloride, and 
benzene. Finally he arrived at the conclusion that a petroleum 
ether of the specific gravity 0,650 was best suited. Later Mas- 
signon sold his factory and his patents to Ldon Chiris. Gradually 
other factories were equipped with extraction batteries. At the 
present time there are about 15 larger establishments of this kind 
in Grasse. In Joffa, Gamier erected a factory for the extraction 
of cassic flowers, and in Kara-Sarlii near Karlova in Bulgaria, 
another for the treatment of roses according to the extraction 
method. Recently a factory has been established for the ex- 
traction of cassie flowers and of other flowers cultivated in the 
island for this purpose. 

Practically the process of extraction with volatile solvents 
resolves itself into four steps: 

1. Selection and purification of the solvent. 

2. The systematic extraction of the flowers. 

3. Evaporation of the solvent and production of the vege- 
table wax saturated with perfume ( cire parfumev). 

4. Recovery of the solvent. 

1. Selection and Purification of the Solvent. The sol- 
vent most commonly used is petroleum ether of a specific gravity 
0,650 (15°). It is purified by consecutive treatment with sulphuric 
acid and caustic soda, washing with water and rectification with 
the aid of a column in a still over solid paraffin for the purpose 
of removing the ligthcr as well as the heavier fractions. Less 
frequently benzene is used since it has the disadvantage of yield' 
ing a highly colored extract. Carbon disulphide is not serviceable 
since the extract always retains some of the disagreeable odor 
of the solvent. Neither has carbon tetrachloride maintained itself. 
The highprice of ether stands in the way of its general use. 

2. The systematic extraction of the flowers. The ex- 
tractors of the mounted extraction batteries are cylindrical 
vessels, varying in size, but usually of about 500 liter capacity. 
They contain 3 or 4 low cylinders made of wire gause or of 
perforated tin, one placed over the other. The extractors are 
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airtight and sealed with a removable cover. The batteries are 
mounted in one of several ways: either the extractors are all 
on a level in a circle or a row (fig. 56, p. 254), or in two tiers 
one over the other (fig. 54, p. 252). With the aid of a pump, 
the solvent can be passed from one extractor to another. 

As a rule, 3 to 4 extractions are made within 24 hours. Hence 
the menstruum remains in contact with the flowers from 6 to 8 hours. 
Then the flowers are replaced by fresh ones. However, during 
the height of the harvest the flowers in the extractors are replaced 
every 8, or even every 4 to 5 hours. - This hastening of the process, 
however, results in an imperfect extraction. 

As a rule, each batch of flowers is extracted three times, 
more rarely twice or four times. For the third (or last) extraction 
fresh petroleum ether is used, for the second such which has 
served for a former third extraction, and for the first extraction 
(/. e. for fresh flowers) the menstruum which has once served 
for a second and once for a third extraction. The percolate of 
each extraction is collected in a separate receiver. 

Whether the same batch of flowers is to be extracted two, 
three, or four times, or even oftener depends upon the nature 
of the flowers to be extracted and on the views of the manu- 
facturer. There exists also a difference of opinion as to how 
often the same petroleum ether can be used before it is to be 
recovered by distillation. 

In order to increase the yield, the extractors have been so 
constructed in several instances as to enable their being warmed. 
This has resulted in a larger yield of wax but not of odoriferous 
constituents. 

3. Evaporation of the solvent. The manufacturer opera- 
tes one or several stills under ordinary pressure or in vacuum. 
As a rule the bulk of the solvent is recovered in a large still 
under atmospheric pressure until the temperature has reached 
a point that would prove detrimental to the fineness of the per- 
fume. The distillation is then continued in a vacuum still and 
finally concluded in a glass flask. 

The last traces of solvent are removed by passing small 
amounts of alcohol into the molten wax thus causing a violent 
ebullition. 
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The floral extracts thus obtained are designated “concret 
oils” (essences concretes). The alcoholic extracts prepared froi 
these, according to the method described below, are known a 
floral extracts (Ger. Bluten extraits; Fr. extraits aux f/eurs 
the pure oils remaining after the removal of the alcohol quin 
essences. 1 ) 

4. Recovery of the solvent. On account of the expens 
of the solvent, suitable devices are provided to prevent losi 
Hence long and well cooled spirals are used to condense th 
vapors from the stills, the extractors and the reservoirs. Th 
ejectors of the vacuum pump must also be provided with a 
efficient condenser. If the process is conducted without a v; 
cuum, the petroleum ether losses are less, but evaporation und< 
atmospheric pressure, as already pointed out, results in an in 
pairment of the fragrance of some of the floral constituents. 

The solvent adhering to the flowers after their extractio 
is recovered by passing steam through the extractors which, f( 
this purpose, are connected with the condensers; or by tram 
ferring the flowers to a still from which the solvent is rec< 
vered by steam. 

Yield. The yield varies greatly according to the solvent 
and temperature employed, also according to the duration of 
the extraction. 

At ordinary temperature, petroleum ether yields for every 
kilo of flowers the following amounts of concrete oils. 


Victoria violets . . . . 

. ... 1,5 

to 

1.8 

i 

Roses 

. . . . 1.7 

»r 

2,5 

t, 

Orange flowers .... 

.... 2.0 

it 

4,0 

ii 

Jasmine 

. ... 1,6 

it 

2,25 

H 

Cassie 

3,5 

it 

5,0 

ii 

Mignonette 

1,3 

ti 

1,5 

it 


Removal of the plant wax Irom the concrete oils. For 
this purpose the essences concretes t i. e. the extracts obtained 
by percolation and subsequent evaporation of the solvent, are 
shaken for several days with strong alcohol, preferably in shak- 
ing machines (batteuses). The alcoholic solution, after being 

*) Jeancard et Satie, Abr£g6 de la Chimit des Parfums. Paris 1904, p. 12. 
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separated from the insoluble wax, is cooled for some time to 0". 
This causes the separation of the dissolved wax, which is rem- 
oved by filtration. To the alcoholic filtrate a solution of com- 
mon salt is added, and the perfume, which has risen to the 
surface, is separated. If necessary, the last traces of alcohol 
are removed with the aid of a vacuum. 

In as much as the plant wax when shaken with alcohol 
agglutinates to a magma from which the perfume is extracted 

, l' s 


s 



with difficulty, Massignon ') has suggested to mix it with a very 
hard and odorless mineral wax, thus yielding a mass that can 
be broken up in a mortar. The particles then remain suspended 
in the alcohol and are more readily extracted by it. 

DESCRIPTION AND OPERATION OF THE EXTRACTION 
BATTERY REPRESENTED BY FIG. 54, P. 252. 

In the above plan the extractors are marked Ei and f s . They have 
a capacity of about 500 1. and are divided into compartments by means of 3 
to 4 false bottoms of perforated tin or by means of wire baskets. The air tight 

') P. leancard, Volatile solvents applied to flowers. Americ. Perfumer I 
0907), tO. 
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covers are provided with two pipes: one of these is used for introducing the sol- 
vent, the other for ventilation. The ends of the pipes are flexible and can be screwed 
to the cover. The bottom of the extractor is slightly conical thus admitting of 
a complete evacuation of the extract through the pipe fastened to its center. 



Fig. 55. 

Side view of an extraction battery by Deroy Fils Ain6, Paris. 

Vapors that have not been condensed as well as air escape through s. Si 
and S" are the respective condensers for the stills A and A t . 

A is a larger still for distillation under atmospheric pressure. It is 
provided with a glass tube indicating the height of the liquid and with a 
thermometer. The distillate passes through the condenser S it into the re* 
servoir R* The residue is allowed to flow into the container R". 

A i is a vacuum still which can be heated by means of a water bath. 
It is filled by suction from /?". The recovered solvent collects in R"' from 
which it is pumped to the larger reservoirs. 
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Ft*. 56. Sectional front vien of an extraction battery by Deroy Fils Ain6 t Paris. 


A. Extraction with volatide $olvent$. 
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/?,, tf*. Rt, R* are reservoirs of about 2000 1. capacity provided 
with glass tubes showing the height of the contents and with ventilation 
tubes. With the aid of a pump the contents can be transferred to the 
extractors. 

The extractors are filled from R f which is provided with an overflow 
into which the solvent is pumped from the other reservoirs with the aid 
of pump P. 

The pipes are indicated by heavy lines. All parts of the battery and 
the intersections of the pipes are provided with one-way or several-way 
stopcocks. 


The purified solvent passes through pipe K into the reservoirs R*, /? B , 
R h which are filled to about */-. of their capacity. The flowers are then 



placed on the false bottoms in the extractors £, the covers are placed in 
position, the influx and ventilation pipes are adjusted, and the solvent is 
allowed to flow from R' into the extractors E\ until the flowers are comple- 
tely covered. The three extractors Et are next filled and the flowers are 
covered with the percolate of the upper tier of extractors, the flowers of 
which are covered with fresh solvent. In this manner the flowers are com- 
monly extracted three times in succession. These three extractions are made 
within 24 hours, but in the rush of the floral harvest are sometimes made 
in 8 hours, or even in 4 to 5 hours. 

The percolate of each extraction is stored away separately, reservoir Ru 
containing the first percolate. After the petroleum ether has been sufficiently 
saturated with perfume it is recovered first by distillation in the still A, then 
under diminished pressure in A,, and finally in a glass flask. 

The exhausted flowers are allowed to drain well. The menstruum still 
adhering to them is recovered by steam distillation in the targe still. 
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DESCRIPTION OF GARNIER’S APPARATUS FOR THE 
EXTRACTION OF FLOWERS. 

Figures 58 to 60 illustrate an apparatus constructed by Gamier 1 ) for 
the extraction of flowers, it consists of a stationary outer cylinder, (figs. 58 
and 59) which at 2 is provided with a manhole that can be hermetically 
sealed. Within there is a drum that revolves about the shaft 3 (fig. 58), 
that passes through the outer cylinder at 5 and rests upon supports at 4. 

The end pieces of the inner drum has twelve circular openings 7 near 
the circumference (fig. 60). Each of these openings is connected with the 
corresponding one at the opposite end of the drum by means of a circle 
of rods which effect a hollow cylinder. Into these hollow cylinders, of 



F.g. SB. 

Transverse section of Garnier's 
extraction apparatus. 
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Fig. 60. 

Transverse section of the inner drum 
of Garnier’s extraction apparatus. 


which each drum has twelve, cylindrical baskets 13 of perforated tin can 
be placed (fig. 58). 

The power which is transmittet by cogwheels at 11 put the drum into 
rotary motion. By means of a spiral tube 12 the liquid in the outer cylinder 
can be gently heated. The tube 16 connects the apparatus with a condenser 17, 
hence it can be used as a still. 

Operation begins by introducing the cylindrical baskets 13 filled with 
flowers, through the man hole 2 (fig. 59) into the drum. Enough solvent, pe- 
troleum ether, is then introduced through the funnel 14 (fig, 58) so that the 
lowest flower basket is completely covered thereby. The drum being revol- 
ved causes the baskets one after the other to be dipped into the solvent 
The flowers having been exhausted, the extract is withdrawn by means of 
a stopcock 18. Steam is then passed through the apparatus in order to 
recover any solvent adhering to the flowers. 

*) Comp. p. 249. 
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B. EXTRACTION WITH NON-VOLATILE 
SOLVENTS. 

1. Without the aid of heat: absorption or enfleurage A froid. 

The absorption method, known as enfleurage, applied to 
those flowers which continue to produce volatile oil even after 
they have been removed form the stem (p. 246), depends on 
the capacity of fats or fatty oils to absorb the oil volatilized 
by the flowers and to hold it. This process is carried out in 
a relatively primitive manner. As already stated on p. 246, it 
is applied to jasmine, tuberose, jonquil, lily of the valley, and 
mignonette. 

For the purpose of enfleurage, so called chassis are used. 
These are wooden frames 5 cm high and 50 to 80 cm square. 
A glass plate is supported in the middle of the frame. On cither 
side of this glass plate a layer of fat about 3 mm in thickness 
is spread in such a manner as to leave a margin 4 cm wide 
(fig. 61, p. 259). The flowers, deprived of their calices, are then 
spread over this layer of fat ( enfleurer ) (fig. 62, p. 261). In 
order to enlarge the surface of the fat exposed to the flowers 
criss cross furrows arc drawn through it with the aid of a spa- 
tula. Thirty-five to forty of the chassis thus prepared are piled 
one on top of the other to the height of a man. As a result 
the flowers are enclosed in small chambers, as it were, between 
two layers of fat, which absorbs the aroma. The length of ex- 
posure depends on the kind of flower: jasmin 24 hours, jonquil 
48 hours, tuberose 72 hours. Moreover, the last mentioned are 
placed on fat in the unopened stage and are allowed to expand 
while resting on the fat. If they are placed on the chassis fully 
developed they are spoiled by the next day (pourri). After the 
flowers have remained on the fat for the requisite length of 
time, they are removed by a rap on the frame or with the aid 
of the fingers (deffeurer) (fig. 62, p. 261). The chassis are 
then charged anew but this time on the other side so that 
the flowers now rest on the layer of fat which in the previous 
exposure was the upper one, thus producing a more even 
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' Spreading the layer of fat on chassis (PAtage dcs cfiAssisJ. Parfumeries de Seillana, D6p. du Var, 



260 


Extraction, enfleurage, and maceration. 


charging of the fat with perfume. This process can be repeated 
as often as desired until the fat has absorbed a sufficient 
amount of oil. The price of the pomade (Pommade fran$aise) 
depends on the number of exposures. As a rule the fat is ex- 
posed 30 times. 

The production of a good pomade depends first of all on 
the character of the fat which must be purified with great care. 
In as much as lard is too soft and beef fat too hard, a mixture 
of both is commonly used for enfleurage, e. g. 40 parts of beef 
fat and 60 parts of lard. During the hottest months a mixture 
of equal parts of both is used. The fat of recently killed ani- 
mals is cut into pieces and all impure or malodorus parts are 
removed. The good parts are then further reduced and rendered 
in a special apparatus, the tissues and other impurities being 
removed. In order to remove traces of blood, the mass thus 
resulting is ground between mill stones with the aid of water 
until the latter remains clear. The fat is next melted at the 
lowest possible temperature in a jacketed steam pan and alum 
is added. The alum facilitates the coagulation of impurities which 
rise to the surface and can be removed with the aid of a skimming 
spoon. The molten mass is allowed to stand for several days, 
the separated water is removed and the fat strained through 
linen. The fat thus obtained is preserved in one of several ways. 
The fat is digested for an hour with gum benzoes (about 1 to 
3g for each kilo of fat) 1 ) and either orange flowers (according 
to Pillet 250 g for each kilo of fat) 2 ) or, less frequently, with 
rose water (about 40 g for each kilo of fat). This mixture is 
then allowed to stand for several hours and the fat, freed 
from water drawn, into the containers. This is done in May 
at the time of the orange flower harvest. The fat thus 
prepared (le corps prepare) is said to be very stable. Oc- 
casionally a simpler method is employed. The purified fat is 
digested with gum benzoes (axonge benzoinee) or with tolu 


‘) Comp. S. Piesse, Chimie des Parfums. Pans 1897. pp. 59, 60; J.-P. Dur- 
velle, Fabrication des Essences et des Parfums. Paris 1908. p. 77. See 
also Jeancard et Satie, Recherches anaiytiques sur que/ques essences de 
jasmin [Bull. Soc. chim. HI. 23 (1900), 555] and Hesse, Ober Merisches 
fasminblutenOi (Berl. Berichte 34 (1901), 291]. 

*) Report of Schimmel $ Co. Oktober 1#00, 37. 
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Fig. 62 . 

Enfleurage (to the left) and d6fl enrage (to the right). Against the walls the piles of chassis 
Parfumerics de Seillans. D£p. du Var. Southern France. 
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balsam (axonge toluinee) or for a few moments only with 
poplar buds (axonge populinee). 

The process here described is used almost universally. In 
a few instances only other "fat bodies" have been used, viz., 
olive oil or paraffin oil. These also must be of the very best 
quality, but do not have to be "prepared". Formerly behen oil 
(from Moringa pterygosperma, Gaertn.) was used extensively in 
southern France. It does not readily become rancid, but an ex- 
cessive duty now prohibits its use. 1 ) 

Paraffin enjoys the advantage over fats because of its inde- 
finite keeping qualities, but is little used for the reason men- 
tioned below. When liquid oils are used, the glass plates of the 
chassis arc replaced by wire screens, which serve as supports 
for woolen cloths saturated with the oil in question. The flowers 
are strewn on these cloths. The process is otherwise as de- 
scribed above. The perfumed oil, huife fran^aise, huile par- 
fumee, huile antique, is finally expressed from the cloths by 
means of hydraulic presses. The pure oil is obtained from the 
pomade or from the huile fran^aise as from the concrete oils. 
The pomade is extracted with strong alcohol, either in flasks 
by continuous shaking or in factories with the aid of special 
stirring apparatus illustrated in fig. 64. The cylindrical vessels 
are supplied with mechanical stirring apparatus which cause 
the fat and alcohol to be intimately mixed. Here also the last 
traces of fat are removed by freezing. From the extraits aux 
fleurs thus prepared, the essences are obtained by removal 
of the alcohol. ’) 

The residual fat is no longer suited to enfleurage and, as 
corps epuise finds its way into the soap industry. The waste 
flowers are used cither as fertilizer, or occasionally for the pro- 
duction of essences concretes. 

According to Hesse :J ) the enfleurage with fat is preferable 
in every way to that with paraffin oil. Comparative experiments 
have revealed that paraffin has a much lower absorption capa- 
city for odoriferous substances than fat, hence causing a much 


') Heckel, Rev. cultures coloniales o (1901), 258. 

*) jeancard and Satie, Abrtgt de la Chimie des Parfums. Paris 1904. p. 13. 
s ) Berl. Berichte 84 (1901), 293H. 
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lower yield. Thus the cnfleurage of 1000 kilo of jasmine flowers 
with fat yielded 1684 g of ethereal oil, whereas enfleurage with 
paraffin yielded but 1053 g oil. 1 ) 

PNEUMATIC METHOD, In the course of time a number of so called 
improvements of the entourage process have been tried, however, with but 
little or no success. Best known of these is the “pneumatic method” of 
A. Piver. 3 ) It consists in passing a current of air, or better still of indifferent 
carbon dioxide (CO.) over the flowers and then through the absorption liquid 
(liquid fat or alcohol). The current of air carries with it the volatile sub- 
stances exhaled by the flowers and in turn gives them off to the liquid. The 
apparatus is so constructed that the gas passes through it, several times. The 
apparatus possesses the theoretical advantage that the fat does not come into 
contact with the flowers, thus avoiding loss of fat. Moreover, the use of 
fat can be circumvented since the extraits an \ tleun> can be prepared directly. 
Practically, however, the process does not appear to have been used. 


2. Extraction with non-volatile solvents 

WITH THE All) OE HEAT: 

INLUSION, MACERATION OR ENFLEURAGE A CHAUD. 

As a means of extraction purified animal and vegetable 
fats such as beef fat, lard, olive oil, sometimes also paraffin oil 
(comp. p. 260) are used in this process. Paraffin oil, as already 
mentioned under the enfleurage process, is less adapted since 
it has a lesser absorption capacity for perfumes than have the 
fats. However, even solid paraffin (tti. p. 66 ) is occasionally 
used. With its aid products arc obtained which remain solid 
even in the tropics, hence do not require special containers for 
shipment. 

The flowers to he extracted either, in bulk or tied into sacks 
made of fine linen, are immersed in the fat heated to about 
50 to 70 The time of extraction varies with the plant materials 
and lasts up to 48 hours. The fineness of the aroma of the pomade 
is inverse to the time of exposure of the flowers to the action 
of the fat. If prolonged unduly, other odoriferous substances that 

') According to Hesse, the extraction of 1000 g of jasmin flowers with 
petroleum ether yields only 178 g of volatile oil, Comp. Berl. Berichte 35 
(1900), im 

*') River’s absorption apparatus is illustrated in Wagner's Jahresbericht 
|n« 4, p, W. 
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interfere with the quality of the perfume are also absorbed. The •• 
extraction being completed, the fat is expressed from the flowers 
with the aid cither of hydraulic presses or of centrifuges (fig. 65, 
p. 267). The recovered , partly aromatized fat is treated with 
fresh flowers. This is repeated ten to fifteen times 1 ) until the 
fat has acquired the desired strength as to odor. The floral ex- 
tracts thus obtained are known by the same names as those 
obtained by the enfleurage process and are treated in like manner 
for the separation of the volatile oil. Here also the recovered 
fat, the corps cpuisc, is not used again in the perfume factory 
but finds its way into the soap industry. 

This process is applied to violets, roses, orange blossoms, 
lilies of the valley, fiic., whereas jasmine, tuberose, and jonquil 
arc not thus treated because of their small yield. 

') According to Labbc the average is 6 to 8 times. H. Labbc, t'ssais 
dvs Huilus essentretk's. Haris, p. II. 
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Fig. t>5. 

Apparatus for maceration and separation of the fat from the flowers by means 
of centrifuges. Schimmel ft Co. 




PRINCIPAL CONSTITUENTS OF 
VOLATILE OILS. 

NATURAL AND ARTIFICIAL PERFUMES. 
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The volatile oils are widely distributed in the vegetable king- 
dom, more particularly among the phanerogams. However, volatile 
oils have also been isolated from several of the cryptogams. 

In most cases the oils exist preformed in the various organs 
of the plant, the leaves, flowers, fruits, stems and roots. They 
occur secreted cither in glands or in canal-like, intercellular 
receptacles. Only a few arc formed by hydrolysis during the 
process of preparation from other substances in the plant, e.g. 
bitter almond oil from amygdalin, mustard oil from sinigrin. 
Nothing definite is known with regard to their function or their 
relation to the other constituents of the plant organism. It 
appears, however, to be well established that they are excretions 
formed during the life process of the plant, which are of no 
further importance in the processes of metabolism. It does not 
follow from this that they are therefore useless, for they act as 
a means of attracting insects that bring about fertilization, they 
also protect plants against enemies. These oils are not definite 
chemical units, but mixtures of substances belonging to many 
series and classes of compounds. 

Not infrequently the oils obtained from different organs of 
the same plant differ in their chemical composition and in con- 
sequence reveal more or less striking differences in their pro- 
perties. Thus the oil obtained from the root of the cinnamon 
shrub differs greatly in its composition from that of the bark, 
which in turn bears but little resemblance to that from the leaves. 
Moreover, the oils obtained from the same parts of the same 
species often reveal considerable differences, which are explained 
by differences in the stage of development of those parts, or 
by differences in the conditions of climate and soil. Even from 
identical material, different oils can be obtained by variation in 
the method of distillation. 
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Among the various constituents of an oil, one frequently 
attracts attention as the principal bearer of the odor. In many 
instances this constituent is the most valuable. The desire to 
obtain it in a concentrated and pure form may have given the 
first impetus to the scientific investigation of essential oils. So 
long as organic chemistry was in its infancy, these investigations 
could not be crowned with great success. Only after the me- 
thods of investigation had been improved hand in hand with the 
progress of science, was an insight into the nature of volatile 
oils obtainable. This insight revealed the fact that the oils are 
as a rule mixtures of a number of complex substances. How 
systematic research, more particularly in recent decades has 
afforded an insight into this field, has been revealed in the his- 
torical part. In the following pages the results of investigations 
are to be recorded so far as they concern the better character- 
ized constituents found in volatile oils. Occasionally reference 
will also be made to substances that have been obtained only 
by synthesis. For reasons readily apparent a detailed account 
of their chemical behavior had to be omitted. Only those pro- 
perties that pertain to their isolation, recognition and identifi- 
cation are enumerated. For further information the larger hand- 
books of organic chemistry will have to be consulted. To all 
who arc concerned with the scientific investigation of volatile 
oils, the classic work of Otto Wallach 1 ) “Terpene und Campher ’ , 
also the detailed handbook of Semmler*) will prove particularly 
useful. The latter affords a ready oversight over the enormous 
literature on the constituents of volatile oils, and discusses in 
detail all constituents found in volatile oils and not only particular 
classes of compounds. 

The analysis of a volatile oil is difficult because most of 
the constituents are liquid, and can, therefore, be separated only 
by fractional distillation. This operation, imperfect at best, is 
often rendered more unsatisfactory by the fact that certain con- 
stituents are not volatile without decomposition. For this and 

') 0. Wallach, Terpene und Campher. Zusammenfassung eigener 
Untcrsuchungen a. d. Gebiete der aUcydrsehen Kohfenstoffverbindungen. 
Leipzig 1909. 

•’) F. W. Semmler, Die Stherischen Ole nach ihren chcmischen Be- 
.\tandteiten. Leipzig 1906 1907. 
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other reasons it is best to subject an oil to a preliminary exa- 
mination, the results of which often suggest modifications which 
simplify the examination considerably. The preliminary examina- 
tion consists primarily in the determination of the physical pro- 
perties of the oil and of its elementary composition; also in a 
study of the behavior of the oil toward certain group reagents, 
whereby the presence or absence of certain classes of chemical 
compounds can be ascertained, 

Of the physical constants, the specific gravity, the optical 
properties and the behavior of an oil toward heat and cold allow 
conclusions to be drawn as to its composition. A specific gravity, 
e. g. of less than 0,90 indicates the presence of a large amount 
of terpenes or of compounds of the fatty scries. The oil of 
Pinus Sabiniana with d lft - 0,70, hcracleum oil witii d lft , 0,80 
to 0,88 and oil of rue with d ir> 0,833 to 0,840 belong to those 
with a very low specific gravity. These consist mainly of de- 
rivatives of the fatty series. Oil of orange, sp. gr. 0,848 to 
0,857, consists largely of the terpene limoncnc; turpentine oil, 
with a specific gravity of 0,850 to 0,875, almost completely of 
hydrocarbons C J0 H lf) of the terpene scries. A specific gravity 
higher than 0,90, as is the case with most oils, indicates a mix- 
ture of several classes of compounds; whereas a specific gravity 
of more than 1,0 indicates the presence of compounds of the 
aromatic series, or if the compound contains sulphur or nitrogen, 
of sulphides, nitriles or /sosulphocyanidcs. 

The optical properties, rotation and refraction, arc of less 
importance unless pure chemical compounds arc to be examined 
or adulterations to be looked for. The optical activity of an oil 
indicates the presence of a compound or compounds with one 
or more asymmetric carbon atoms; a high index of refraction 
the presence of a substance or substances with double bonds, thus 
enabling the investigator to draw conclusions as to the presence 
of aliphatic, cyclic or dicyclic compounds. 

When exposed to low temperatures, a number of oils de- 
posit one or more of their constituents in crystalline form. Some 
oils, like rose oil, contain crystals even at ordinary temperature, 
others, like orris oil and oil of ambrette seeds arc butyraceous 
in consistency. These substances have been designated stearop- 
tenes or camphors and are paraffins, higher members of the 

GlLDEMEISTtR, THE VOLATILE OILS 18 
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scries of fatty acids, such as lauric, myristic and palmitic acids,’ 
and derivatives of aromatic and hydroaromatic hydrocarbons. 
As an exception the methyl nonyl ketone of oil of rue should 
he mentioned. 

Most oils, in case they can be distilled under ordinary pressure 
without decomposition, begin to boil above 150 . Exceptions to 
this rule are c. £. those containing sulphur, and such volatile oils 
which, like the distillation product of the turpentine from Pinus 
Sahiniana or the oil of Pittosporum rcsiniferum , contain low 
boiling hydrocarbons of the paraffin or olefin series. In the ab- 
sence of oxygenated constituents, a boiling point below 200° 
indicates the presence of tcrpcncs, between 250 and 280 ' that of 
sesquiterpenes, above 300 of polyterpcncs. 

In their elementary composition the volatile oils do not mani- 
fest great variety. All contain carbon and hydrogen; most of 
them also contain oxygen in larger or smaller quantity; few 
contain nitrogen or sulphur, or both. The presence or absence of 
oxygen can be determined by elementary analysis only. The pre- 
sence of only a small amount of this clement, up to 5 p. c., indica- 
tes a high hydrocarbon content. The presence of sulphur, which can 
be oxidi/cd in scaled tubes to sulphuric acid by means of con- 
centrated nitric acid indicates mustard oils, sulphides, or poly- 
sulphides. Nitrogenous compounds arc converted into cyanides 
by heating with metallic sodium or potassium and arc recognized 
by means of the Prussian blue reaction. The nitrogen content of 
an oil is mostly due to nitriles. If sulphur is also found, mustard 
oils arc present which, as a rule, betray their presence by their 
characteristic odor. 

After the elementary composition of an oil has been ascer- 
tained, a few group reagents can be applied to learn whether 
special attention should be given to one class or another of 
chemical compounds. 

If an oil shows an acid reaction, it contains acids or phenols. 
Small amounts of fatty acids occur occassionally as decomposi- 
tion products of esters present. Larger amounts reveal their 
presence by the diminution of volume when the oil is shaken 
with an aqueous solution of caustic or carbonated alkali. The 
presence of an ester or lactone can be ascertained when an oil 
is heated with alcoholic potassa of known strength and titrated 
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back with standard acid. This test presupposes the absence 
of free acids and aldehydes. Alcohols can be converted into 
acetic esters by heating the oil with acetic acid anhydride. Sub- 
sequent saponification will then reveal the presence or absence 
of an alcohol in the oil. Aldehydes and ketones can be recog- 
nized by their addition products with alkali bisulphites, or by 
their condensation products with hydroxylamine or semicarbazide 
in aqueous alcoholic solution. The latter contain nitrogen and 
as a rule are difficulty volatile with water vapor. Ethers, which 
arc sometimes present as phenol ethers, can be recognized by 
means of Zeisel’s method. 

After these preliminary tests have revealed the presence of 
a substance belonging to one of the above mentioned classes, 
it is sometimes possible to separate it without fractional distil- 
lation; provided, however, that this method of separation does 
not change the other constituents of the oil. The analysis of 
the oil having been thus simplified, fractionation of the non-reac- 
ting portion can be resorted to. It should also be noted that 
these methods of separation never effect a perfect isolation be- 
cause the other constituents of the oil prevent a part of the sub- 
stance to be isolated from reacting. When, therefore, the non- 
reacting portion of the oil is fractionated small amounts of this 
substance should not be overlooked. Thus it is possible with 
these group reagents to separate aldehydes and many ketones 
with acid sulphite solution -a reaction that can at times be fa- 
cilitated by the additiori of alcohol. The crystalline addition pro- 
duct is washed with alcohol and ether and the aldehyde or ketone 
regenerated by the addition of alkali or dilute acid. Free acids 
and phenols can be shaken out with aqueous alkali; indifferent 
substances are then removed from the aqueous solution by shaking 
it with ether, and then the acid or phenol is set free with dilute 
mineral acid. If acids and phenols are both present, the former 
are separated with carbonate solution. Basic substances, such 
as indole and anthraniiic esters can be separated by shaking out 
with dilute acids. Lactones yield salts of the corresponding 
hydroxyacids when heated with alcoholic potassa. They are 
precipitated from the alkaline solution as lactones or hydroxy- 
acids by the addition of a mineral acid. Esters if present are 
saponified by this treatment with alkali. Aldehydes and ketones, 

18 * 
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however, arc modified thereby and at times destroyed. Sulphur 
derivatives can often be isolated in the form of their mercury 
compounds or as thioureas. 

If none of these short cuts is possible, the oil is fractionated 
cither under ordinary or diminished pressure. If esters arc pre- 
sent, the oil is first saponified. It may be taken for granted 
that the apparatus to be used and the methods to be employed 
arc known. A good guide for distillation under diminished 
pressure will be found in a small monograph on this subject by 
Anschutz. 1 ) The various fractions obtained upon a careful frac- 
tionation arc examined for compounds, in part according to the 
methods already mentioned. A trained sense of smell will prove 
an important additional factoi. Suspected compounds are, if 
possible, converted into crystalline derivatives and thus purified 
and identified. 

Ketones that will not combine with acid sulphites, such as 
menthone, camphor, fenchone, carvonc, are converted into oximes 
or semicarbazoncs. Inasmuch as the oximes frequently suffer 
real i angement with acids, the semicarbazoncs are at times to be 
prclcri cd because the ketones can in most cases be regenerated. 
Certain ketones, such as carvonc and pulegone, can be separated 
by means of their sodium sulphite compounds. 

Alcohols are characterized by their capacity to form esters, 
also phenylurcthanes with phcnyl/socyanate (carbanil). They can 
be purified by means of difficultly volatile esters of monobasic 
acids, such as benzoic acid; or by means of acid esters of di- 
basic acids, such as succinic acid, phthalic acid, etc. Some of 
the primary alcohols can also be purified by converting them 
into calcium chloride addition products from which they are 
easily regenerated by means of water. 

from the hydrocarbons traces of oxygenated compounds can 
be removed by repeated treatment with metallic sodium. If low 
boiling hydiocarbons arc to be distilled under diminished pressure, 
a liquid alloy of potassium and sodium is preferable. 

As to the compounds themselves that arc found in volatile 
oils, they belong in part to the aliphatic, in part to the aromatic 
and hydroaromatic series and are distributed over a large 

*) Uw Destination untvi wrmimiertem brack . 2. ed. Bonn 1895. 
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number of classes. The hydrocarbons, especially those of the 
formula C 1(1 H 1(1 , are widely distributed. Of greater importance, 
however, are the oxygenated substances, because they are mostly 
the bearers of the characteristic odor of the oil in which they 
arc contained. In addition to the hydrocarbons there have been 
found alcohols, aldehydes, acids, esters, ketones, phenols, phenol- 
ethers, lactones, quinones, and oxides; further, bases, sulphides, 
mcrcaptanes, nitriles, and /sothiocyanates. 


HYDROCARBONS. 

A. ALIPHATIC HYDROCARBONS. 

The lowest member of the limit series of hydrocarbons 
C„ „ j, which has been found in volatile oils is the normal 
heptane, C 7 H 1( , (b. p. 98,5 to 99 ; d lf) 0,6880). In addition to 
minimal amounts of other substances, it has been obtained by 
the distillation of the oleoresin of Pin us Sabiniana and P. Jeffrey i, 
both of which arc found in California, also by the distillation of 
the fruits of Pittosporum resiniferum. 

The higher members of the paraffin, and probably of the 
olefin series also, appear to be quite widely distributed in the 
vegetable kingdom. They constitute the wax-like coating and 
secretions on leaves, flowers, fruits etc. In volatile oils, however, 
they arc not met with commonly because of their sparing vola- 
tility. Sometimes they separate in crystalline form when the oil 
is exposed to a low temperature, or they remain behind upon 
fractional distillation. In the oils of rose and chamomile, however, 
the amount of paraffin is so large, that the oil congeals even 
at middle temperature. Apparently these hydrocarbons seldom 
occur alone, but as mixtures of homologues as has been shown 
in the case of rose oil. Their melting' points seldom if ever 
agree with those of known members of the series. With the 
exception of the heptane referred to, they are obtained principally 
as white, colorless, laminar-crystalline masses which are with 
difficulty soluble in cold alcohol, but readily soluble in hot alcohol 
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ind other organic solvents. They are remarkable on account 
)f their stability toward concentrated acids and oxidizing agents 
it ordinary temperatures. 

The rose oil stcaroplenc melts at 35' and, when distilled in 
i vacuum, can be resolved into two fractions melting at 22° and 
0-4r respectively. In addition to this solid mixture, paraffin 
or olefin) hydrocarbons have been found more particularly in 
he oils distilled from flowers. The paraffins thus far isolated 


ire recorded, with their melting points, in the following table: 

Oil of A \vmpferia Galanga m. p. 10' 

Oil of poplar buds, a mixture of homo- 
logous paraffins with the melting 
points 53 to 54 , 57 to 58 , 62 to 63 67 to 68° 

Oil of birch buds m. p. 50 

Oil of hemp m. p. 63 to 64' 

Oil of sassafras leaves m. p. 58' 

Oil of pelargonium m. p. 63 1 

Oil of jaborandi leaves m. p. 28 to 29 

Oil of ncroli (aurade) m. p. 55 ' 

Oil of Lvodia simplex in. p. 80 to 81 

Oil of several Cistus species m. p. 64 

Oil of caraway herb m. p. 64 n 

Oil of dill m. p. 64 ’ 

Oil of wintergreen (both Betula and Gaul- 

theria) m. p. 65,5' 

Oil of verbena m. p. 62,5 ’ 

Oil of Helichrysum august i folium m. p. 67 

Oil of Roman chamomile m. p. 63 to 64" 

Oil of German chamomile m. p. 53 to 54 ’ 

Oil of Chrysanthemum cineraria folium . m. p. 64’ 

Oil of arnica flowers m. p. 63" 


Additional occurrences of the paraffins have been established 
in the oils from species of Spinea and Turnera, in oil of chervil, 
in the oil of elderblossoms, the oils of Monarda didyma, of 
Inula viscosa and others. 

Of olefinic hydrocarbons, the octylene, C„H 1# (m. p. 123 to 124 ; 
d 0,7275; n„ 1,4066) only has been found thus far, viz., in the 
oils of bergamot and lemon. Possibly it also occurs in 
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lignaloe oil. Isoprene, C 5 H S , interesting because of its relation 
to the terpenes, has been observed only as decomposition product 
of caoutchouc and turpentine oil. 

However, chain hydrocarbons of the formula of saturation 
C n H. 2n 4 with three double bonds have been found. In composition 
they agree with the terpenes but differ in having a lower specific 
gravity and a lower index of refraction. These hydrocarbons, which 
have been termed “oiefinic terpenes” by Scmmlcr, show a great ten- 
dency to resinify, especially when distilled under ordinary pressure. 

Myrcene. 

CH, 

C : CH • CH., • CH, C CH : CH, 

CH/ 

CH, 

or 

CH, 

„ C ■ CH, ■ CH, • CH, • C • CH : CH, 

CH/ 

CH a 

The first representative of this class was found in oil of bay 
by Power and Weber 1 * * * ) and named myrcene. Later its presence 
in the first fractions of the oil of Lippia citriodora was ascer- 
tained. Probably it also occurs in West Indian lemongrass oil 
and in oil of lignalocs. Barbicr found myrcene among the de- 
hydration products of linalool. Its constitution has not yet been 
definitely determined, but probably finds expression in one of the 
above formulas. The following constants have- been recorded: 



b. p. 

b. p. (20mm)| 

dir,' .| 

"i. 

Power and Weber l ) 

167° 

67 to 68 ’ 

0,8023 

1,4673 

Semmler 5 ) 

171 to 172 

67 to 68" 


1,4673 

Enklaar 8 ) 

166 to 168" 

' 

0,8013 

1,4700 (at 19°) 


According to Semmler, myrcene, upon reduction with sodium 
and alcohol, yields dihydromyreene, C 1() H JS , a liquid possessing 


l ) Pharm. Rundsch. (Mew York) IS (1895), 61. 

*) Berl. Berichte M (1901), 3126. 

8 ) Over Ocimeen en Myrceen, E ene Bijdragc tot de kennis van de 

aliphatische Terpenen . Inaug.-Dissert., Utrecht 1905. 
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the following properties: b. p. 171,5 to 173,5’, d 0,7802, n„ 1,4501 
(Scmmler). 1 ) B. p. 167 to 169" (corr. at 770 mm), d ia , 0,7852, 
n„ i; 1,45 14 (Enklaar). From the dihydromyreene Enklaar prepared 
a tetrabromide melting at 88'. 

Upon hydration of myrccnc with glacial acetic acid and 
sulphuric acid at 40 according to Bertram's method, 1 ) Power and 
Klcber obtained an acetate with an odor reminding of lavender. 
Upon saponification it yielded, in their opinion, linalool. Barbier, 2 ) 
however, supposed that the hydration yielded a new alcohol which 
he named myrccnol. From myrccnol Enklaar (I. c.) obtained a 
crystalline phcnylurcthanc, m. p. 68 , which differs from that ob- 
tained from linalool. According to Enklaar, myrccnol has the 
following constants: b. p. 99 (10 mm), d, s 0,9032, n IMiV 1,4806. 

Potassium permanganate oxidizes myrccnc to succinic acid. 
Myrccnc can be identified by means of the dihydromyreene mentioned 
above, also, according to Enklaar, by means of the dihydromyreen 
tetrabromide, m. p. 88 . Myrccnc polymerises readily to dimyrccne, 
which is characterized by a nitrositc that decomposes at 163 r . 

Ocimene. 

This aliphatic terpene is isomeric with myrccnc. It differs 
from the latter, presumably, in the position of the double bonds. 
It was discovered by van Romburgh in the oil of Ocimuni tiasHi- 
cum. Possibly it is also contained in csdragon oil. B. p. 73 to 74° 
(21 mm); d.,., 0,794; d lft 0,801; n„ 1,4861. 

The dihydro-ocimene, which results upon reduction with 
sodium and alcohol, is identical with dihydromyreene. 

Upon hydration, according to Bertram's method, 3 ) Enklaar 
obtained ocimenol [b. p. 97 (10 mm); d Ki 0,901; n lm 1,4900], 
which yields a phcnylurcthanc melting at 72 . 

Upon heating, ocimene yields allo-ocimene, which possibly 
is stereoisomeric with ocimene. The physical constants are 
somewhat higher than those of ocimene: b. p. 8F (12 mm), 
d„ 0,8182, n„ l,529o. 

Additional aliphatic terpenes have been found in hop oil, 4 ) 

M Bert. Berichte 84 (1901), 312*. 

4 ) Compt. rend. Ifc! (1901), 1048; Bull. Soc. chim. III. 25 (1901), 687. 

a ) D.R.H. 67235. 

‘) Chapman, Jotirn. chem. Soc. Bi (1895), 54. 
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in the oil of Indian hemp (Cannabis indica) x ) t in the oil of sassafras 
leaves,-) in rosemary oil 3 ), and in the origanum oil of Smyrna. 4 ) 

Mention should also be made of the occurrence of an ole- 
finic sesquiterpene C lft H a4 ft ) in oil of citronella. Its constants 
are: b. p. 270 to 280 r (atmospheric pressure), 157° (15 mm); 
d„ 0,8643; <w + l"28'; n IUiV 1,51849. 

B. AROMATIC HYDROCARBONS. 

From the oil of the mammoth fir, Sequoia gigantea, Lunge 
and Steinkauler") obtained a hydrocarbon C 18 H„, which they 
named sequoiene. It consists of laminar crystals, with a reddish 
fluorescence, that melt at 105" and boil between 290 to 300° 
(uncorr.). It has not been identified with any of the known 
hydrocarbons of like composition, such as fluorene etc. With 
picric acid an addition product of red crystalline needles results. 

Noteworthy is also the occurrence of naphthalene which has 
been found in an oil of clove stems, in the oil of a storax bark, and 
in orris oil. It is readily characterized by its melting point (79 to 
80 ), its boiling point (218 ), and by a picrate that melts at 149 . 

Styrene. 

CH 

HC CH 

HC /CH 

CCH:CH, 

The simplest aromatic hydrocarbon with an unsaturated side 
chain that is found in volatile oils is styrene (vinyl benzene). 
It occurs in storax oils and in xanthorrhoea resin oil. It is probably 
formed by the decomposition of cinnamic acid. 

*) Journ. chem. Soc. (1896), 539. 

*) Report of Schimmel ft Co. April 66. 

*) Arch, der Pharm. SR (1897), 585. 

4 ) Gildemeister, Arch, der Pharm. 238 (1895), 184. 

*) Report of Schimmel ft Co. October 1W8, 23. 

*) Berl. Berichte 18 (1880), 1656; 14 (1881), 2202. 
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Styrene is a colorless, highly refractory liquid of a pleasant 
odor, which polymerizes to a transparent, glasslike and odorless 
mass, mctastyrenc (C„H„) n , by being kept for some time, and 
more rapidly by heating, or by contact with acids. 

As to its physical properties, the following statements have 
been recorded: 

B. p. 144 to 144,5 V) 

B. p. 140 (760 mm); d„ n , 0,9074; n (< 1,54030.*) 

B. p. 146,2 ; d„. 0,9251,*) d‘ ? 0,90595; n„ 1,54344.*) 

Pure styrene is optically inactive. Dilute nitric acid or 
chromic acid mixture oxidize it to benzoic acid. Upon reduction 
it yields ethyl benzene. 

For identifying styrene the well crystallized styrene dibromide 
C fl tVCHBr-CH 2 Br is used, and is obtained by allowing bromine 
(17 parts) to drop into a solution of the hydrocarbon (10 parts) in 
twice its volume of ether.'’) On evaporation, the bromide separates 
in crystals, which after being recrystallized from 80 percent 
alcohol have the melting point 74—74,5 . 

p - Cyinene. 

CH : , 

\ 

C 


HC 

CH 

HC 

CH 


C 

i 

H.C-CH-CH, 

Of the* hydrocarbons designated as cymenes C 10 H U , only 
the meta and para compounds arc of importance to the chemistry 

') Observations made in the laboratory of Schimmel $ Co. 

*) Bruhl, Liebig’s Annalen 285 (1880), 13. 

") Weger, Liebig’s Annalen 221 (1883), 69. 

4 ) Nasini and Bemheimer, Gazz. chim. ital. 1» (1885), 59; Jahresber. d. 
Chem. 1885, 3U. 

Zincke, Liebig’s Annalen 21t> (1883), 288. 
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of the volatile oils. While m-cymenc has been observed only 
as a decomposition or "Abbau” product (Kelbe, dry distillation 
of colophony; Wallach, dehydration of fenchone; Baeyer, splitting 
off hydrogen from sylvestrene), p-cymene is a frequent con- 
stituent of volatile oils. Up to the present it has been found 
in Swedish and Russian turpentine oils, in the oil of Cupressus 
sempervirens, in staranise oil, oil of nutmeg, oil of boldo 
leaves, oil of Ceylon cinnamon, oil of Seychelle cinnamon 
bark, cascarilla oil, lemon oil, in the oil of Canarium Cumingii, 
in the oil of Eucalyptus hxmastoma, in oil of ajowan, in 
coriander oil, in cumin oil, in the oil of Cicuta virosa, in 
angelica root oil, in the oils of Monarda punctata and M. fistu - 
I os a, Satureja hortensis, S. Thymbra, in the origanum oils 
from Triest, Smyrna, and Cyprus, in sage oil, in the oils of 
Thymus vulgaris , Th. Serpy/lum, Th. capitatus, and in American 
wormseed oil. 

Like m-cymene, p-cymene has frequently been obtained as 
a transformation product, e. g. from pinene, terpinene, cumin 
alcohol, laurus camphor, sabinol, thujonc, carvenone, dihydro- 
carvone, carvone, and citral. 

The mixture of hydrocarbons known as “thymene”, ob- 
tained from ajowan oil and used as a soap perfume, con- 
sists principally of cyrnene together with several terpenes (see 
ajowan oil). 

Formerly it was thought that all terpenes were related to 
this hydrocarbon, that they were its hydroderivatives. According 
to recent investigations, however, this conception is not wholly 
correct. It is worthy of mention, that several compounds of the 
formula Ci„h l(1 0 can be changed to p-cymene by the abstraction 
of water, for instance, camphor and citral. 

Cyrnene is a colorless liquid with an agreeable odor. 

B.p. 175 to 176°; d lv 0,8602.') 

B. p. 175,2 to 175,9 (752 mm); d?’ 0,8551; n„ 1, 48456.*) 

B. p. 1 73,5 to 1 74,5" (763 mm) ; d l6 0,8595, d sr 0,8588; n„1 ,479.») 


‘) Widmann, Berl. Berichte 24 (1891), 452. 

J ) Bruhl, Berl. Berichte 25 (1892), 172. 

*) Wolpian, Pharm. Zeitschr. f. Russl. 35 (1896), 115. 
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The following constants were observed in the laboratory of 
Schimmel Co. in connection with a preparation obtained from 
camphor: 

11 p. 174,5 to 176 (761 mm); d j; , 0,863; n m . 1,49015. 

The pure hydrocarbon is optically inactive. Dilute nitric 
acid also chromic acid mixture oxidize it to /?-toluic acid and 
finally to tcrcphthalic acid. Potassium permanganate attacks it 
with difficulty. Hence terpenes having a like boiling point can 
be removed by treating it with dilute permanganate solution in 
the cold. Should cincol, which boils at the same temperature, 
be present, it can be removed as its hydrogen bromide addition 
product. For its identification, cymcne is converted into p-hydroxy- 
/sopropylbcnzoic acid (m. p. 155 to 156 ) with the aid of con- 
centrated, hot potassium permanganate solution. This acid, 
when heated with dilute hydrochloric acid, splits off water 
yielding /wsopropcnylbenzoic acid (m. p. 160 to 161 ); when 
boiled with concentrated hydrochloric acid it yields an iso- 
meric acid with a boiling point of 255 to 260'.') For the pre- 
paration of hydroxy /sopropylbcnzoic acid Wallach-) has given 
the following directions: 2 g. at a time of the hydrocarbon, 
prepared as pure as possible, arc heated with a solution of 
12 g. of potassium permanganate in 330 g. of water on a water- 
bath with reflux condenser, the mixture being frequently 
agitated. When the oxidation is complete, the filtrate from 
the oxides of manganese is evaporated to dryness and the saline 
residue boiled with alcohol. The potassium salt which is 
soluble in the alcohol, is decomposed in aqueous solution 
with dilute sulphuric acid, and the precipitated acid recrystal- 
lized from alcohol. 

The sulphonic acid, produced by treating the hydrocarbon 
with concentrated sulphuric acid, is also characteristic for 
cymenc. Its barium salt (C, ( ,H t3 SO.,) 2 Ba crystallizes in shining, 
difficultly soluble lamina’ and contains three molecules of 
water of crystallization which can be completely driven off 
at 100 . The sulphone amide which can be prepared from the 

*) R. Meyer and Rosicki, Liebig’s Annalen 219 (1883), 282. 

*) Liebig’s Annalen 284 (1891), 10. 
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chloride of this sulphonic acid melts at 115 to 116\ That cymene 
sulphonic acid may also result from the action of sulphuric 
acid on different terpenes must, however, be remembered, also 
that an isomeric acid is formed at the same time. 


C. ALICYCLIC HYDROCARBONS. 

The principal hydrocarbons occurring in volatile oils are 
alicyclic. The composition of by far the greater number is 
represented by the formula C 14) H IKt hence they belong to that 
class of the terpenes in which the carbon atoms arc arranged 
in a cycle. As to their formation in the plant organism nothing 
definite is known. Possibly they are genetically related to 
oxygenated chain compounds C H) H, k O, since these yield artificially 
hydrocarbons upon dehydration. Possibly they arc formed 
from carbohydrates or proteins. It is noteworthy, however, that 
the terpene content of an oil is greater, the less developed the 
plant at the time of distillation. 

The majority of the known hydrocarbons of the terpene 
group are found ready formed in nature. Thus the presence of 
<f- and ./-pinenc, camphenc, limonene, dipentenc, tcrpinolene, «- 
and /-tcrpinenc, «- and >phcllandrcnc, sylvestrcnc, and sabinene 
has been definitely established. With the exception of the inactive 
tcrpinenc and tcrpinolene, these hydrocarbons exist, for the most 
part, in both optically active forms. 

In as much as it is frequently necessary to work with small 
amounts, it is often impossible to isolate the terpenes in pure 
form by means of fractional distillation. As a rule it suffices to 
remove oxygenated compounds from the fraction 150 to 180’ 
by repeated distillation over sodium. A further separation can 
be effected by distillation since the bicyclic hydrocarbons boil 
between the temperatures of 150 and 170", the monocyclic be- 
tween 170 and 180". Both classes of terpenes also reveal ap- 
preciable differences in their molecular refraction. The physical 
constants having been determined, more or less definite conclusions 
can be drawn as to the nature of the terpenes under investigation, 
thus leading to the preparation of derivatives characteristic of 
the hydrocarbons in question. These derivatives are described 
in connection with the respective hydrocarbons. 
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Owing to the complicated structure of their molecules, also to 
the readiness with which these are inverted into isomeric forms, the* 
synthesis of the terpenes and sesquiterpenes has been coupled with 
difficulties. A single compound is obtained but seldom, the principal 
product being associated with a mixture of several isomers. The fol- 
lowing compilation of the synthesis, or more correctly artificial pre- 
paration, of the hydrocarbons makes no claim as to completeness. 
In each group the best known representatives only are enumerated. 


I. DUIYDRATION 0! TERRENE- AMD SESQUITERPENE ALCOHOLS. 


if-Tcrpincol 

;-Tcrpineol 

Terpincnol-4 

Dihydrocarvcol 

Horneol j 

* Dipcntcnc 1 ) 

> Tcrpinolcne -) 

> Tcrpinenc ; ) 

> Limoncnc, /solimonenc/) Terpinene 5 ) 

Awhorncol j 

> Camphene' 1 ) 

Penchylalcohol | 
/sofcnchylalcohol 1 

> Pcnchcne 7 ) 

Pinocamphcol 

> «-Pinenc s ) 

Ccdrol 

► Ccdrcnc") 

Maalialcohol 

► Maalisesquitcrpenc J0 ) 

Caryophyllene alcohol 

> Clovene. 11 ) 


II. Dehydration of ketones. 

Camphor > /i-Cymene 1 ") Penchonc »► / 77 -Cymene, 1:5 ) 

') Wallach, Liebig's Annalen *2510(1885), 265; 275(1803), 104; 201 (1896), 361. 
*) Wallach, Ibidem 3KS (1000), 10. 

J ) Report of Schimmel ft Co. October 1000, 72. 

4 ) Tschugaeff, Berl. Bcrichle 5RI (1000), 735. 

“I Wallach, Ibidem 24 (1891), 3084; Liebig's Annalen 275 (1893), 113. 

H ) Wallach, Liebig's Annalen 230 (1885), 233; Bertram and Walbaum, 
|ourn. f. prakt. Chem. It. 41) (1894), 8. 

: ) Wallach, Liebig’s Annalen 284 (1805), 331 ; Bertram and Helle, )oum. f. 
prakt. Chem. II. 01 (1900), 298; Tschugaeff, Chem. Ztg. 24 (1900), 542. 

-) Tschugaeff, Journ. russ. phys. chem. Ges. 30(100$), 1324; Gildemeister 
and K6hler, Wallach- Festschrift, Gottingen 1009, p. 136. 

") Report of Schimmel ft Co. October 1004, 24. 

,fl ) Ibidem November 1008, 137. 

“) Wallach, Liebig’s Annalen 271 (1892), 294. 

«■) Fittica, Ibidem 172 (1874), 307. 

’ *) Wallach, Ibidem *275 (1893), 157; 2s4 (1895), 324. 
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III. Deammoniation of bases. 


Carvenylamine 

> Terpinene 1 ) 

Thujylamine 

> Thujcne*) 

Carylamine 

► Carvestrene H ) 

Phellandrene' diamine 

► ^Cymene. 4 ) 

IV. By splitting off hydrohalogen. 

Dipentcne dichlorhydrate 

> Dipentene 5 ) 

Terpinene dichlorhydrate 

► Terpinene rt ) 

Sylvestrene dichlorhydrate 

> Sylvestrene 7 ) 

Bornylchloride 

> Camphcne H ) 

Monochlorocarvenenc 

>• Terpinene") 

Cadinene dichlorhydrate 

► Cadinene 10 ) 

Limonene tetrabromide 

|Limoncne u ) 

i/)-Cymenc 12 ) 

Pinenc dibromide 

► Cymcne. 13 ) 


V. By splittimg off carbon dioxide from acids. 

I ff-Pinenc M ) 

Nopinolacctic acid > ; V-Pinene 
I Fenchcne 

Acid from sabinaketone and bromoacctic ester ► , /-Terpinene 1 ') 
Bromocamphane carboxylic acid ► Bornylcne. ,ft ) 


') Harries and Majima, Berl. Berichte 41 (1908), 2516. 

’) Wallach, Liebig’s Annalen 27*2 (1893), 111; 2N« (1895), 99. 

5 ) Baeyer, Berl. Berichte 27 (1894), 3486; Baeyer and Villiger, Ibidem 
III (1898), 1402; comp. Semmler, Ibidem 84 (1901), 717. 

•) Wallach, Ibidem 824 (1902), 276. 

ft ) Wallach, Terpene and Campher. Leipzig 1909, p. 84. 

") Wallach, Liebig’s Annalen 350 (1906), 148. 

7 ) Wallach, Ibidem 230 (1885), 243, 270. 

*) Wallach, Ibidem 230 (1885), 233. 

") Semmler, Berl. Berichte 41 (1908), 4474 ; 42 (1909) 522. 

N) Wallach, Liebig’s Annalen 238 (1887), 84 ; 271 (1892), 297. 

*■) Godlewskyand Roshanowitsch, Journ.russphys.chem.Ges.31 (1899), 209. 
ll ) Wallach, Liebig’s Annalen 234 (1891), 21. 

,s ) Wallach, Ibidem 264 (1891), 9. 

“) Wallach, Ibidem 363 (1908), 1 ; 368 (1909), 1. 

'") Wallach, Ibidem 357 (1907), 68 ; 362 (1908), 285. 

’«) Bredt, Ibidem m (1909), 46. 
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VI. Synthesis with the aid op Grignard’S reaction. 

* /l--/sopropylhexenone > K-Phellandrene 1 ) 

o-Crcsol > «*Terpinene. 2 ) 

VII. Ring-eormation accompanied by dehydration. 

a) from aliphatic tcrpenc alcohols: 

Linalool > Dipcntcnc 11 ) and Terpinene’ 1 ) 

Geraniol > Dipcntcnc. 1 ) 

b) from aliphatic tcrpcnc aldehydes: 

Citral > />Cymenc/’) 

VIII. Polymerisation or hydrocarbons. 

Isoprcne > Dipcntene") 

Valerylcne > Dipcntcnc. 7 ) 

IX. Compi i:tl syntheses. 

In addition to the syntheses accomplished by Wallach ”) 
with the aid of ketones and bromaceticcster and its homo- 
logics, the following may here be mentioned: viz., the syn- 
thesis of J*'-menthadienc from succinyl succinic acid by 
v. Baeyer,") that of dipcntcnc 1 ") and carvestrcnc n ) by Per- 
kin jun. and the more recent syntheses of Komppa in the 
camphor group.* •) 

‘) Wallach, Liebig’s Annalen «BO (1908), 283. 

*) Amvers and v. d. Heyden, Berl. Berichte 4:5 (1909), 2404. 

*) Bertram and Walbaum, )ourn. f. prakt. Chem. II. 4*> (1892), bOl. 

4 ) Bertram and Gildemeister, Ibidem II. 40 (1894), 194; Tiemann and 
Schmidt, Berl. Berichte 2s (1895), 2134. 

*) Tiemann and Semmler, lierl. Berichte 2S (1895), 2134. 

*) Tilden, Journ. chem. Soc. 45 (1884), 410; Bouchardat, Compt. rend. SO 
(1875), 1446; S7 (1878), 854; SO (1879), 361, 1117. 

7 ) Bouchardat, Bull. Soc. chim. II. $t (1880), 24. 

') Wallach, Terpen e und Campher. Leipzig 1909, p. 145. 

") Berl. Berichte 20 (1893), 232. 

w ) |oum. chem. Soc. S5 (1904), 054. 

ll ) Ibidem 01 (1907), 480. 

*■) Liebig’s Annalen JKW (19(W), HO; .170 (1909), 209. 
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Santene - Norcamphene . 
CH 

H.C-C/ CH, 

' CH, 

H„CC CH, 

\ ' 

CH 


First of all there may be mentioned a lower homologue of 
the terpenes, the santene, C„H M , which has been observed repeat- 
edly in recent years. Its occurrence has been observed in East- 
Indian sandalwood oil, in Siberian pine-needle oil, in the German 
Fichtennadelol, in the needle oil of the German Abies alba and 
in the Swedish Fichten nadolol from Picea excelsa. The follow- 
ing constants of this oil have been recorded: 

B. p. 31 to 33 ' (9 mm); d, n 0,863; «„ • 0 ; n r , 1,46658. l ) 

B.p. 140'; d I<v 0,8698; « n ’ °i 1.46960.*) 

Upon hydration with the acetic acid -sulphuric acid mixture 
according to Bertram, santene is converted into a bicyclic satur- 
ated alcohol, the santenol (.i-florborncol), b. p. 195 to 196 r ; m.p. 97 
to 98 . When treated with chlorinating agents this yields rtorbornyl 
chloride, respectively rto/vsobornyl chloride. By splitting off 
hydrogen chloride from these chlorides, Semmlcr a ) obtained 
/ 70 /camphcne, which is identical with santene. 

Characteristic derivatives of santene are its nitrosochloride, 
m. p. 109 to 1 10°; its chlorhydrate, m. p. 80 to SV ; its tribromide, 
m. p. 62 to 63°; and its nitrosite, m. p. 124 to 125 . For its identi- 
fication Semmlcr suggests its tribromide. However, according to 
Aschan’s observations, the santenes of different sources yield tri- 
bromides with varying melting points. Hence Aschan considers 
the nitrosite as better adapted for the identification of santene. 
As a further derivative suitable for the identification of santene, 


l ) Semmler, Berl. Berichte 40 (1907), 4595. 
*) Aschan, Berl. Berichte 40 (1907), 4920. 

8 ) Berl. Berichte 41 (1908), 128. 
Gildemeister, The volatile oils. 


19 
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Semmler and Bartelt 1 ) mention the santene glycol (m. p. 197°; 
b. p. 135' J at 10 mm), which is obtained by careful oxidation of the 
hydrocarbon in acetone solution with potassium permanganate. 


n*Pinene. 

CH, 

I ‘ 

C 


HC 


CH. 


» C 


H,C 


CH 


ch 2 


CH 

«-Pinene is very widely distributed and occurs in the in- 
active as well as in both optically active forms. Whereas pinene 
does not often occur in flowers, it is found more frequently in 
the oils from leaves, barks, and woods. It is the principal con- 
stituent of the distillate from the oleoresins of the several species 
of Pinus, which distillates arc known in commerce as turpentine 
oils. French and Spanish turpentine oils contain as principal 
constituent /-a-pinene, whereas in American and Greek oils the 
dextrogyrate modification predominates. However, there are also 
American oils which arc lavogyrate or nearly inactive. 

The hydrocarbon <A«-pinene (the australene of Berthelot), 
besides occurring in American and Greek turpentine oil, has been 
found in Burmese turpentine oil, in the turpentine oil from Pinus 
sylwstris, in German, Polish and Swedish pine tar oils, in larch 
needle oil, in German and Swedish /( iefernadelol , in Zirbel- 
kiefernadelol, in the oil from the leaves of Juniperus phasnicea 
and Callitris glauca, sandarac oil, in oil from the leaves of 
Sequoia gigantea , in cypress oil, in oil from the leaves and 


*) Bcrl. Berichte « (1908), 866. 
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twigs of Thuja p/icata, in the oil of Alpinia malaccensis, in the 
oils of galangal, star anise, ylang-ylang, nutmeg, camphor, apopin, 
Persea, in the oil from the fruits of Pittosporum undulatum, 
in Chios turpentine oil, in the oils of myrtle and checken, in the 
oils of Melaleuca uncinata and M. nodosa, in niaouli oil, in the 
oils of Leptospermum Liversidgei , Eucalyptus botryoides and 
E. dextropinea, in ajowan oil, coriander oil, carrot oil, cumin 
oil, asafetida oil, galbanum oil, fennel oil, water fennel oil (?), 
rosemary oil and in the basilicum oil from Reunion. 

/-«-Pinene (the terebenthene of Berthelot) is contained in French 
turpentine oil, in the turpentine oil from Picea excelsa, in the Can- 
ada balsam oil from Abies ba/samea, A, amabilis, in Oregon bal- 
sam oil from Pseudotsuga mucronata, in the needle oil from Pinus 
Strobus, in Fichtennadelol , in the Seestrandkieferknospendl, in 
the needle oil from Pinus montana, in the English Kiefer nadelol, 
in hemlock needle oil, in the oils from the leaves and cones of 
Abies alba, in the needle oils from Abies canadensis, Picea nigra, 
P. alba, Abies balsamea and A. sibirica, in the oil of cubeb (?), the 
oils of Asarum europaeum and A. arifolium, in the oils of Ceylon 
cinnamon and Canella alba, in the oil from Umbellularia californ- 
ica, in the geranium oil from Reunion, in the oils of petitgrain, lemon, 
neroli, rue, frankincense, dacryodes resin and cajeput, in the oils 
from Eucalyptus carnea, E. laevopinea and E. Wilkinsoniana, in 
the oils from parsley, lavender, marjoran, American pennyroyal, 
spearmint (?), French peppermint, valerian, and kessoroot. 

/-n-Pinene has been found in coriander oil, lemon oil, cumin 
oil, American peppermint oil, and oil of Levant wormseed. 

«-Pinene has frequently been found in other oils, but its 
optical rotation has not been recorded. Thus in Venetian tur- 
pentine oil, in the pine tar bil from Finland, in the oil from the 
leaves and twigs of Larix americana, in Thuja oil, in juniper 
oil, in the oil from the resin of Callitris verrucosa , in matico 
oil, in pilea oil, in the oil from Canada snake-root, in boldo leaf 
oil, in cinnamon root oil, in the oil from Pichurim beans (?), in 
sassafras oil, the oil from sassafras leaves, in the oils from laurel 
leaves, massoy bark and Japanese pepper (?), .in the oils of 
bergamot and lemon, in several elemi oils, in oil of myrrh, in 
the oil from the berries of Schinus molle, in the oils from the 
following species of Eucalyptus, viz., acmenoides, affinis, aggre- 

19 * 
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gat a, a! bens, amygdalina, angophoroides, apiculata, Baeuerleni, 
bicolor, Bosistoana, Bridges! ana, Cambagei, camphora, capi- 
tvllata, cinerea, cneorifolia , conica, cordata, corymbosa, crebra, 
dealbata, dives, dumosa, eugenioides, eximia, fastigiata , Flet - 
cheri, fraxinoides, Globulus, goniocalyx, gracilis, hemilampra, 
hemiphloia, intermedia, intertexta, lactea, Ion gi folia, Lueh- 
manniana, Macarthuri, macrorrhyncha, maculata, maculosa, 
Maiden i, melanophloia , melliodora, microcorys, microtheca, 
Morrisii, nova-angUca , odorata, oleosa, ovali folia, o. var. lam 
ceolata, paniculata, pendula, pilularis, polyant hema, po/ybractea, 
populi folia, propinqua , pulverulenta, punctata, p. var. didyma, 
quadrangulata, radiata, resin if era, Risdoni, robusta, Rossi, 
rostrata, r. var. borealis, rubida, saligna, siderophloia, sider- 
oxy/on, s. var. pallvns, Smithii, squamosa, stricta, Stuart iana, 
fereticornis, tcsse/laris, trachyphloia, umbra, vim inn! is, viridis 
and W(X)llsiana, in French parsley oil, rosemary oil, sage oil, in 
the oils of Thymus capitatus and Satureja Thymbra, in oil of 
spike, in golden rod oil, and in the oil of Helichrysum Stoechas (?). 

In as much as a strongly active rr-pincnc yields little or no 
nitrosochloridc, the formation of this substance is in reality in- 
dicative of /'-pinene. Since in the above compilation of the 
occurrence of d- and /-pinene, the presence of pinene in more 
or less optically active fractions lias been established by means 
of the rtitrosochloride reaction, the presence of /-pinene should 
be assumed. The final determination of the presence of optically 
active pinene will, therefore, have to rest with the conversion of 
the optically active pinene into the corresponding optically active 
pinonic acid. Hence it becomes apparent how desirable it must 
be to revise the older investigations in the light of the new 
methods for the identification of pinene. (Comp. p. 297.) 

«-Pinene is one of the few terpenes that can be obtained 
in a relatively pure state. It is obtained by heating the solid 
pinene nitrosochloridc with aniline in alcoholic solution. 1 ) The 
fr-pinene thus obtained is always optically inactive and possesses 
the following physical constants: 

B. p. 155 to 156 ; d, 0 . 0,858; n hajc 1.46553. 2 ) 

') Wallach, Liebig’s Annalen 252 (1889), 132; 258 (1890), 343. 

*) Walfach, Liebig’s Annalen 258 (1890), 344. 
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An K-pinene regenerated from the nitrosochloride in the 
laboratory of Schimmel $ Co. gave the following constants: 

B. p. 154,5 to 155 r ; d 15 ,0,8634; 0; n 1)20 a 1,46644. 

The inactive form was also obtained by the decomposition 
of pinocamphylxanthogenic acid ester. 1 ) Gildemeister and KShlcr*) 
obtained, upon decomposition of ^-pinocamphylxanthogenic acid 
ester, active </-«-pinene, which, however, was rendered impure 
by the presence of another terpene. 

The strict observation of certain conditions enabled WallacM) 
to prepare /-//-pinene from nopinolacetic acid. 

Most oils containing pinene presumably contain mixtures 
of d- and /-pinene. Hence the direction of the rotation in all 
probability depends on the predominance of the one or the 
other modification. In order to prepare optically active modi- 
fications of //-pinene, it is best to start with pinene fractions 
possessing a high angle of rotation. It should be borne in 
mind, however, that this high angle of rotation may be pro- 
duced by camphcne. The fractions boiling below 160 ' arc 
purified by fractional distillation over sodium until the boiling 
point and other properties correspond with those of /-«- 
pinene. The highest angles of rotation thus far observed are 
the following: 

for </-«-pinene from Greek turpentine oil: 

[«] t) 4 - 48,4 (b. p. 155 to 156'; d^ 0,8542; n m . 1 ,4634), *) 
[4,-f 46,73 (b.p. 156 r at 760mm; d ir 0,8642; n m(r 1,46565), fi ) 


for /-w-pinenc from the oil of Eucalyptus Ixvopinea: 
Mniir — 48,63 (b.p. 157 ; djf 0,8626).*) 


l ) Tschugaeff, |o»m. russ. phys. chem. Ges. !» (1908), 1324; Chem. 
Zentralbl. lWh, I. 1179. 

s ) Wallach- festschrift. GSttingen 1909. p. 436. 

3 ) Liebig’s AnnalenSfiH (1909), 1. 

*) V&zes, Bull. Soc. chim. IV. b (1909), 932. 

«) Gildemeister and Kdhler, WaUach- Festschrift, Gdttingen 1909. p. 434; 
Report of Schimmel 6 Co. October 1R08, 69. 

*) Smith, Journ. and Proceed, of the Royal Soc. of Pi. S. Wales & (1898), 
195; Report of Schimmel 6 Co. April lHWft, 24. 
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Pinene is a colorless, mobile liquid, which, like most 
terpcnes, undergoes autoxidation upon standing by taking oxygen 
from the air and partly resinifies. It is readily converted into 
other terpcnes. Thus by a higher temperature (250 to 270°) it is 
changed into dipentenc, by moist hydrogen chloride into dipentene 
or its dihydrochloride, by means of alcoholic sulphuric acid into 
terpinolcne and terpinenc, presumably through the dipentene as 
an intermediate stage. Through the action of dry hydrogen halides 
«-pinene is changed to derivatives of camphor, a reaction that 
has become of great importance in the artifical production of 
camphor. 

In the presence of water and oxygen, pinene yields pinol 
hydrate (sobrerol) C^H^O,, which is at times found in old tur- 
pentine oils as a crystalline deposit. The active modifications 
of pinol hydrate melt at 150 , the inactive modification at 
130,5 to 131 . When boiled with acids, pinol hydrate yields the 
oxide pinol, C J(i H, h O, with its characteristic odor. In contact 
with dilute mineral acids, pinene is converted into terpin hydrate, 
C m1 H 1h (OH) s , h,0 (m.p. 1 16 to 117 n ). As an intermediate pro- 
duct tcrpineol is formed, which likewise results upon the hydration 
of pinene with sulphuric and acetic acids. 

When shaken with a 3 to 5 percent, sulphuric acid, pinene 
is acted upon but slowly. 1 ) A suitable method for the hydration 
of pinene, according to Barbicr and Grignard,-) consists in acting 
on a solution of pinene in glacial acetic acid and acetic acid 
anhydride with a 50 percent, aqueous solution of benzene mono- 
sulphonic acid. 

Oxidizing agents act on pinene in various ways. Whereas 
concentrated nitric acid produces so violent a reaction that igni- 
tion may take place, dilute nitric acid, like chromic acid mixture, 
produces — with pinol hydrate or pinol as intermediate products 
— in addition to lower fatty acids and other products, tere- 
phthalic acid, C h H„ 0 4 , terebic acid, CjHjuO,, and terpenylic 
acid, C 8 H is 0 4 . Essentially different results are obtained with 
potassium permanganate. As shown by Wagner, 8 ) dilute per- 

’) Wallach,Nachr.K.Ges.Wiss.G6ttingenl90S. Meeting of February 8. p. 20. 

*) Compt, rend, ltt (1907), 1425; Bull. Soc. chim, IV. » (1908), 139; & 
(1909), 512, 519. 

») Berl.Berichte 47 (1894), 2270; 4» (1896), 881. 
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manganate solution produces principally neutral oxidation pro- 
ducts. When concentrated permanganate is used there results, 
in addition to other products, pinonic acid, 1 ) C, 0 H 1(1 O 8 , a mono- 
basic keto acid. Upon further oxidation this yields not only 
terebic acid, but also the “Abbau” products that are obtained 
upon oxidation of camphor derivatives. 

According to the optical character of the initial material, a 
pinonic acid results that is optically active ((«],, in chloroformic 
solution + or — 88 to 90°) respectively inactive. The inactive 
modification melts at 103 to 105\ its oxime at 150’; of the active 
modification the acids melt at 69,5 to 70,5°, the oximes at 129° and 
the semicarbazones at 203 to 204 \ Upon inversion with sulphuric 
acid methoethylheptanonolid results, the active modification of 
which melts at 46 to 47’, the inactive modification at 63 to 64". 

These compounds are suitable for the characterization of 
the several modifications of «-pincne. When pinene is acted upon 
by ozone, ozonides result which, upon cleavage with water, yield 
pinonic acid. 2 ) 

«-Pinene is an unsaturated hydrocarbon ^with one double 
bond. Upon addition it is readily converted into derivatives of 
camphor. When dry hydrogen chloride or hydrogen bromide 
arc passed into well dried and cooled pinene, halogenides of 
borneol result. Of these the chloride (the socalled “pinene chlor- 
hydrate”), C W H U HCI, was designated “artificial camphor” be- 
cause of its camphor-like odor. It melts at 125 to 127 ; the 
bromide, C ie H lf HBr, melts 90°. Both yield camphene when 
hydrohalogen is split off. True pinene monochlorhydrate was 
obtained by Wallach by the action of phosphorus pentachloride 
upon homonopinol. If bromine is allowed to act on pinene in 
dry solution, one molecule of bromine is readily decolorized and 
added. More bromine is added but slowly and is accompanied 
by the development of hydrogen bromide. When the addition 
product of one molecule of bromine to pinene is distilled with 
steam a dibromide melting at 169 to 170’ is obtained.*) A better 

l ) Tiemann and Semmler, Berl. Berichte SB (1895), 1345; 2* (1896); 529, 
3027; Baeyer, Berl. Berichte 29 (1896), 22, 326, 1907, 1923, 2775; Gildemeister 
and Kohler, Waltach-Festschrift. GSttingcn 1909. p.426. 

®) Harries and Neresheimer, Berl. Berichte 41 (1908), 38. 

*) Wallach, Liebig's Annalen 284 (1891), 8. 
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yield, however, is obtained by allowing hypobromous acid to act 
on pinene. This dibromide also appears to be a camphor deri- 
vative.') When this dibromide is acted upon with aniline, hydrogen 
bromide is split off and cymene results. However, when acted 
upon with zinc dust in alcoholic solution, a new terpene, the 
tricyclenc, m. p. 65 to 66 results.-) 

The presence of ^-pinene in a volatile oil can be ascertained 
by means of its nitrosochloride and its oxidation products. Pro- 
vided the pinene reveals no high optical rotation, it is most readily 
identified by means of the nitrosochloride and by the conversion 
of the latter into its nitrolaminc bases. For the preparation of 
the nitrosochloride, Wallach ') has given the following directions: 
A mixture of 50 g. each of turpentine oil (immaterial whether 
laevo- or dextrogyrate), glacial acetic acid and ethyl nitrite 4 ) 
(preferably amyl nitrite)*) is well cooled in a freezing mixture 
and 15 cc. of crude (33 percent.) hydrochloric acid arc gradually 
added. The nitrosochloride soon separates in a crystalline form, 
and is obtained in a fairly pure state when it is filtered off 
with a suction pump and well washed with alcohol. From the 
filtrate some more nitrosochloride separates on standing in the 
cold. It is profitable in regard to yield to work with small quan- 
tities, as only then can the low temperature be maintained which 
is necessary for the satisfactory conduct of the reaction; large 
quantities of pinol C„,H, fl O are formed as a by-product. 

The nitrosochloride is a white crystalline powder, which is 
readily soluble in chloroform and may be again separated from 
this solution by methyl alcohol. The melting point of the re- 
crystallized compound is 103 , though melting points as high as 
t!5 f have been observed. Like its derivatives it is optically 
inactive. According to observations by liacyer") pinene nitroso- 
chloride is a bisnitroso compound (C Ilt H in Cl)^ N 2 0 2 , which in 

') Wagner and Ginzberg, Berl. Berichte 2W (18%), 890. 

*) Godlewsky and Wagner, Chem. Ztg. 21 (1897), 98. 

') Liebig's Annalen 245 (1888), 25 1; 253 (1889), -251. 

*) This is easily obtained by allowing a mixture of 200 g. of concentrated 
sulphuric acid, 1,5 liters of water and 100 g. of alcohol to flow' into a solution 
of 250 g. of sodium nitrite in 1 liter of water and 100 g. of alcohol. The ethyl 
nitrite which forms at once must be condensed in well cooled receivers. 

I Report of Schimmcl § Co. November 1H0\ 63. 

Berl. Berichte 2s (1895), 648. 
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ethereal solution is changed by hydrochloric acid into hydro- 
chlorocarvoxime. 1 ) By splitting off hydrochloric acid with alcoholic 
potassa it is converted into nitrosopinene (m. p. 132') 4 ) which has 
been recognized as an oxime. 8 ) Aromatic bases, such as aniline 
and toluidine split off nitrosylchloride, regenerating pinene with 
the formation of amidoazo-compounds. Quite different is the 
behavior of the nitrosochloride toward bases of the fatty series 
and those which possess their characteristics, as for instance, 
benzylamine and piperidine. With primary bases as well as with 
piperidine, nitrolamines result; the secondary bases, like diethyl- 
amine, however, produce a splitting-off of hydrochloric acid with 
the resulting formation of nitrosopinene. 

As the nitrosochlorides of different terpenes show very similar 
melting points and besides decompose very readily, they arc less 
suitable for characterization than the nitrolamines, which are very 
stable and crystallize readily ; these have been prepared in large 
numbers, although the compounds produced by the reaction 
with benzylamine and piperidine are preferably used. For their 
preparation 4 ) the nitrosochloride is treated in excess with the 
base dissolved in alcohol and heated on a water bath; the 
nitrolamine formed is separated by the addition of water. The 
melting point of pinene nitrolpiperidine is 118 to 119 , that of 
the nitrolbcnzylamine 122 to 123". 

It has already been pointed out that the yield of nitroso- 
chloride diminishes with the increased optical rotation of the 
hydrocarbon material/') For the identification of pinene in highly 
active pinene fractions it is, therefore, more expedient to make 
use of the pinonic acid referred to above. 100 g. of pinene 
are shaken with 233 g. of potassium permanganate and 3 1. of 
water, the mixture being kept cool with ice. From the alkaline 
reaction mixture the excess of hydrocarbon is separated and 

«) Berl. Berichte 21» (1896), 12. 

*) Wallach and Lorentz, Liebig’s Annalen (1891), 198. 

8 ) Urban and Kremers, Am, Chem. |ourn. 16 (1894), 404; Baeyer, Berl. 
Berichte 2N (1895), 646; Mead and Kremers, Am. Chem. Journ. 17 (1895), 607. 

*) Wallach, Liebig's Annalen 245 (1888), 253; 252 (1889), 130. 

*) Tilden, Joum. Chem. Soc. N. S. 15 (1877), 554; H5 (1904), 759; Kremers, 
Pharm. Rundsch. (Mew York) 13 (1895), 135. Gildemeister and K5hler, Wallach - 
Festschrift, Gottingen 1909, p. 433. 
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the neutral products are removed by shaking with ether. The 
pinonic acid is then precipitated with dilute sulphuric acid. For' 
the identification of the pinene it suffices to convert the acid 
into its semicarbazone (m. p. 204 ). If it is desired to establish 
the presence of optically active as well as inactive pinene, it is 
necessary to isolate the acid in its pure form. In most instances 
this can be accomplished by fractionation under diminished 
pressure (b. p. 168 at 12 mm.). The identification is than com- 
pleted by determining the angle of rotation and by preparing 
the derivatives of the acid already described. 


t-Pinene. 

CH., 

C 


H,C 


CH, 

CH,' 


;C 


H,C 


CH 


CH., 


CH 

Side by side with tr-pinenc, nopinenc or ^-pinene occurs in 
the turpentine oils, also in pine tar oil, in Siberian fichtennadelol, 
and in the oils of lemon, 1 ) coriander,'-) cumin, 3 ) hyssop 4 ) and 
nutmeg. Presumably it will be found in a large number of volatile 
oils. Synthetically it has been prepared by Wallach.') Starting 
with nopinone, this was condensed with bromacetic ester to 

’) Gildemeister and Muller, Wallace Festschrift, GOttingen 1909, p. 442. 

*) Walbaum and Muller, Ibidem 657; Report of Schimme! $ Co. October 
MW, 48. 

*) Report of Schimmel ft Co. October 1W9, 50. 

') Gildemeister and Kflhler, Walhtch- Festschrift, Gdttingen 1909, 417; 
Report of Schimmel ft Co. April Mfc, 58. 

') Liebig's Annalen m (1908), 1. 
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nopinolacetic ester, which, when treated with acetic acid anhydride 
yielded ji-pinene. 

The following properties have been determined: 

B. p. 164 to 166°; d 18 o 0,8650; «„ — 19°29' (from hyssop oil); 
«W 1,4754s. 1 * * ) 

In connection with two preparations obtained at different 
times, Wallach*) ascertained the following constants: 

B. p. 163 to 164 ; d a2 * 0,8675; « D --22T; n llM , 1,4749. 

B. p. 162 to 163°; d 2S . 0,8660; « n -22'20'; n,^ 1,4724.*) 

When acted on with glacial acetic acid -sulphuric acid mix- 
ture, ,i-pinene is in the main converted into terpinene.*) 

^-Pinene yields no nitrosochloride. With hydrogen chloride 
it yields a mixture of dipcntene dihydrochloridc and bornylchloride. 
When acted upon by nitrous acid, nitroso-^-pinenc results, which 
upon reduction is converted into amidotcrebentene. This, in turn, 
when acted upon by nitrous acid, yields an alcohol, which when 
oxidized with chromic acid is converted into tctrahydrocuminic 
aldehyde (m. p. of the semicarbazonc 201 to 203°) and cuminic 
acid (m. p. 115 0 ). 4 ) From «-pinene it is readily distinguished 
by means of its oxidation products. When oxidized with per- 
manganate, there results nopinic acid (m. p. 126 to 127") which 
is readily isolated by its difficultly soluble sodium salt. As a 
by product there also results a glycol melting at 76 to 78". For 
the identification of .V-pinene, fraction 160 to 170 is oxidized 
according to WallachV) directions for the preparation of no- 
pinate of sodium. 300 g. of pinenc are shaken, with the aid 
of a shaking machine, with a solution of 700 g. potassium per- 
manganate in 91. water to which 150 g. of sodium hydroxide 
have been added. The reaction mixture becomes decidedly warm 
and the oxidation is completed in about 20 minutes. In the 
absence of alkali, about 12 hours are required before the per- 


l ) Report of Schimmel $ Co. April 1WW, 58. 

*) Liebig’s Annalen MS (1908), 1. 

“) Wallach, Liebig’s Annalen MS (1908), 1. 

*) Pesci and Betteili, Gazz. chim. ital. (1886), 337; Wallach, Liebig’s 
Annalen SIS (1906), 246. 

») Wallach, Liebig’s Annalen SS6 (1907), 228. 
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manganate is consumed. The excess of hydrocarbon is distilled 
off with steam, the mixture filtered to remove the oxide of man- 
ganese and the filtrate evaporated to about 3 1. while a current 
of carbon dioxide is passed into the evaporating liquid. Upon 
cooling, nopinatc of sodium crystallizes out, which is separated 
with the aid of a forccfilter and purified by recrystallization. 

The free nopinic acid from l-t - pinenc has the following pro- 
perties: m. p. 126 ; d JT 0,781; («]„ 15,64 (in ethereal solution). 

Por its further characterization nopinic acid can be oxidized 
to nopinone with cither lead peroxide or permanganate in sul- 
phuric acid solution. Nopinone is a ketone which has served 
as a steppingstonc in the accomplishment of several interesting 
syntheses of terpenes and terpene derivatives. Of the derivatives 
of this ketone the following should be mentioned: the semi- 
carbazone, m. p. 188 ; the benzylidene compound, m. p. 106 
to 107'; and the compound C 1 h H., v OC 1 3 which results when HC1 
is passed into the alcoholic solution of the ketone and which 
melts at 148". 


Sabinene. 

CH, 


HC CH, 

H.,C CH, 

C 

H.C CH - CH., 

This hydrocarbon, which resembles /-pinene in some respects, 
has thus far been found in the oils of savin, Ceylon cardamom, 
marjoran and pilea. The following constants have been recorded: 

B. p. 162 to 166 ; d,„ 0,840; 63°; n 1( 1,466.*) 

B. p. 163 to 165'; d ail , 0,842; 4-67,5"; n„ 1, 4678.*) 

Semmler, Berl. Bcrichte 38 (1900), 1464. 

*) Wallach, Liebig’s Annalen 3T>0 (1906), 163. 
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In connection with the fractionation of a larger amount of sabinenc 
from savin oil, Schimmel § Co. determined the following constants: 

20°, o boiling between 162 to 163"; d l6 . 0,8481; -h 59"30'; 

49% „ „ 163 „ 164 ; „ 0,8480; „ +-63"50'; 

31 'Vo „ „ 164 „ 165°; „ 0,8482; ,, -h68 54'. 

Significant is the low specific gravity which distinguishes 
sabinene from other hydrocarbons with a similar boiling point. 

When boiled with dilute sulphuric acid, sabinenc is converted 
into terpinene; with hydrohalogens the corresponding terpinene di- 
halogenhydrates result; when shaken with dilute sulphuric acid in 
the cold, sabinene yields active terpincnol-4 and terpinene terpin 
(see terpineol). The oxidation with permanganate is analogous to 
that of ,*-pinene. The resulting, sabinene glycol which melts at 54 
and boils at 148 to 150 under 15 mm. pressure, has been used by 
Semmler for the identification of sabinenc. Simpler, however, is 
the identification, according to Wallach, by means of the difficultly 
soluble sabinate of sodium which results upon oxidation in the 
presence of free sodium hydroxide. 1 ) The free sabinic acid melts 
at 57 Like nopinic acid it can be oxidized to a ketone Q H, 4 O, the 
sabinaketonc, which likewise has served as a starting point for syn- 
thesis in the terpcnc group. The semicarbazonc melts at 141 to 142 . 
When hydrogen chloride is passed into a methylalcoholic solution 
of sabinaketone, a mono-hydrochloride C„H ia OC1, m. p. 77 to 78 , 
results, whereas in glacial acetic acid solution a compound 
C, s H„OCI s , m. p. 124°, is obtained. Sodium hypobromite oxidizes 
sabinaketone to thuja-dicarboxylic acid melting at 142 to 143 . 


Camphene. 

CH 


H t Q' 

CH., 

H,C X , 


/CH, 

r 

CH, 
C — CH S 


\/ 

CH 


Although camphene is the only solid hydrocarbon C, t ,H Ifl 
which occurs in Nature, its isolation in a crystalline state from 


*) Wallach, Liebig's Annalen (1908), 266. 
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volatile oils has been accomplished but rarely. In this form 
/-camphene has been isolated from the Siberian Fichtennadelol; 
from the first fractions of Ceylon citronella oil Schimmel ft Co. 
likewise obtained solid camphene. In the vegetable kingdom 
this hydrocarbon is found in both active modifications. 

As (/-camphene (the austracamphene of Berthelot), it has 
been found in cypress oil , in Siberian Fichtennadelol, in the 
oils of ginger, nutmeg, camphor, lemon, orange-petitgrain, sweet 
orange blossoms, of Eucalyptus Globulus , and spike. 

As /-camphene (the terecamphene of Berthelot), 1 ) it has been 
found in the oil from the twigs of /uniperus phcenicea and in 
the oils of lemon, neroli (?), valerian, kesso, Artemisia lierba-alba, 
and of Chrysanthemum sinense var. japonicum. 

In addition, camphene has been found in the oils of juniper 
berries, of the Douglas fir, citronella, japanese cinnamon oil, 
bergamot, rosemary, and fennel. 

Artificially camphene can be obtained in various ways, prin- 
cipally by splitting off hydrohalogen from bornylchloride or bornyl 
bromide (from pincnc or bomeol). Most conveniently, however, 
it is obtained upon dehydration of isoborneol with zinc chloride, 
though in this manner frequently mixtures of different hydrocar- 
bons are obtained. 

Camphene occurs as a white crummy-crystalline mass, with 
a faint camphor-like odor, that tends toward sublimation. Other- 
wise it is much more stable toward air and light than the other 
terpenes. In as much as it can be obtained in solid form and 
since by careful precipitation from its alcoholic solution with 
water it can be purified from liquid impurities, it is one of the 
few terpenes that have been prepared with a fair degree of purity. 
As its constants the following have been recorded: 

for camphene from borneol-bornylchloride: 

M. p. 48 to 49"; b. p. 160 to 161"*); d w . 0,850; n r48 . 1,4555*); 

M.p. 53,5 to 54 ; d* 8 ' 0,83808; n I)W . # . 1,4531 4 4 ); 

*) The term terecamphene is at times applied to any camphene prepared 
from pinenechlorhydrate. 

*) Wallach, Liebig's Annalen 230 (1885), 234. 

3 ) Wallach, Ibidem 243 (1888), 210. 

*) Bruhl, Berl. Berichte 25 (1892), 164. 
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for camphene from pinene-bomylchloride: 

M. p. 51 to 52"; b. p. 158,5 to 1 59,5°; d”° 0,84224; n wl . 1,455 m 1 ); 

for camphene from /soborneol: 

M.p. 50 n ; b.p. 159 to 160V) 56° at 15 mm. 

The corresponding values at 20° should be approximately 
d 0,870 and n T> 1,470. 

The angle of rotation of the camphene prepared artificially 
from pinene hydrochloride or bomyl chloride varies not only ac- 
cording to the angle of rotation of the initial material, but also 
according to the temperature - both height and duration - employed 
in the process. Thus Bouchardat and Lafont 8 ) obtained hydro- 
carbons, the [«]„ of which lay between —80° 37' and —30" 30' 
when they allowed /-pinene-bornylchloride ([«]„ 28° 30^) to be 

acted upon by an alcoholic solution of potassium acetate at a 
temperature of from 150 to 170 \ 

In connection with a (/-camphene obtained from borneol- 
bornylchloride, Kachler 4 ) observed -f 20° (100,3 mm.). 

The camphene molecule does not rearrange itself to iso- 
meric forms as do other terpenes. While it is true that pro- 
longed heating at a higher temperature, or treatment with de- 
hydrating agents such as zinc chloride, phosphoric acid an- 
hydride, or concentrated sulphuric acid changes it, the resul- 
ting decompos$on products do not correspond to the for- 
mula C 10 H lfl . 

As a terpene with one double bond, camphene yields addition 
products with halogen (m. p. of the dibromide 91 to 91, 5 f ) and 
with hydrohalogen, but pdf with nitrosylchloride. However, com- 
pounds of camphene with the oxides of nitrogen have been 
obtained both directly and indirectly. Extensive investigations 
have been made concerning the relation between pinene hydro- 
chloride, camphene hydrochloride, and the corresponding deriva- 
tives of borneol and /sobomeol. 


*) Briihl, Berl. Berichte 25 (1892), 162. 

*) Bertram and Walbaum, Joum. f. prakt Chem. II. 48 (1894), 8. 

■) Compt. rend. 104 (1887), 694; Bull. Soc. chim. II. 47 (1887), 439. 
4 ) Liebig's Annalen 197 (1879), 97. 
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Camphene chlorhydrate is obtained by passing gaseous hydro- 
chloric acid into an alcoholic solution of camphene. It melts 
at about 155". References 1 ) do not agree, the melting points 
recorded varying from 142 to 160 . 

Oxidizing agents, such as permanganate, nitric acid, chromic 
acid mixture, and ozone, do not act in like manner on the hydro- 
carbon. The oxidation with permanganate would seem to indi- 
cate that artificial camphene is not a unit, but consists of a 
mixture of at least three hydrocarbons. Thus the oxidation 
of a camphene, obtained from /soborncol, with permanganate 
yields three different products: camphene glycol, C 1( ,H J(l (OH) 2 , 
m. p. 200 ; camphene camphoric acid, C JW H]<A> m. p. 135,5 
to 136 ; and cyclone, C,„H ln , m. p. 68 , b. p. 152,8V-) The 
further oxidation of camphene glycol yields camphenylic acid, 
C ltl M 14 A ( m - p- 171 to 172 ) and camphenilonc, C„H m O (m. p. 36 
to 38 ). from natural camphene an isomeric camphenc-camphoric 
acid (m. p. 142 ) appears to result which is not identical with 
the one mentioned above."') Nitric acid oxidizes camphene to 
the tribasic camphoylic acid (Marsh and Gardner), C 1# H n O„ 
(Brcdt's carboxylapocamphoric acid, m. p. 202). In addition 
minor amounts of the above-mentioned ketone CAiO result. 
Chromic acid mixture yields principally camphor with little cam- 
phoric acid and other products. Oxidation with ozone produces 
camphenilonc. 

However, none of these derivatives can be used to ad- 
vantage for the characterization of camphene. With fairly pure 
fractions rich in camphene, the latter can be separated in the 
form of its chlorhydrate. It is better, however, to identify 
camphene by converting it into /soborneol. Should larger 
amounts of pinene be present, the identification of camphene 
by this method is difficult since tcrpineol as well as /soborneol 
is formed, and since the separation of the two can be attained 
but imperfectly. 

‘) Kachlcr and Spitzer, Liebig's Annalen 200 (1880), 343; lunger and Wages, 
Berl. Berichte 20 (189b), 545; Reychler, Ibidem 82 (1899), 2302; Kondakow, journ. 
f. prakt. Chem. It. 05 (1902), 201. 

: ) Moycho and Zienkowskl, Liebig's Annalen 840 (1905), 17, 40. 

a ) Wallach, Liebig's Annalen 860 (1907), 84. 
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For the conversion of camphene into /soborneol the following 
method is used: 1 ) 

100 parts of the camphene fraction are heated with 250 parts 
of glacial acetic acid and 10 parts of 50 percent, sulphuric acid 
for 2 to 3 hours to 50 to 60° with frequent shaking; the mixture 
which at first separates into two layers finally becomes homo- 
geneous and has a slightly reddish color. When the reaction 
is ended, the acetate formed is separated by water, washed 
repeatedly, and then saponified by heating with a solution of 50 g. 
of potassium hydrate in 250 g. of alcohol. After removing the alcohol, 
the /soborneol is precipitated as a crumbly mass by the addition 
of water and is purified by recrystallization from petroleum ether. 
The melting point of /soborneol is about 212"; the determination 
must, however, be made in a sealed capillary tube on account of 
its great tendency to sublime. For the further characterization of 
the /soborneol, its bromal compound, m. p. 71 to 72 may be used. 

It should be remembered, however, that this /soborneol always 
contains some borneol. The phenylurethanes of both alcohols 
melt at 138 to 139 n . 

Recent observations appear to render it probable that cam- 
phene occurs in several modifications which differ from each 
other not only by their physical constants, but also by their 
oxidation products. As to their constitution, however, no details 
are as yet known. Thus Wallach*) isolated from a Siberian 
pine needle oil a camphene with the following properties: 

M. p. 39°; b.p. 160 to 161 ; d 40 . 0,8555; [«]„-84,9 '; n mr 
1,46207; mol. refr. 43,71; calculated for C Jt H w . 43,53. 

Upon oxidation of this camphene with permanganate there 
resulted an acid, isomeric with camphenc-camphoric acid, that 
melted at 142°. Its chlorhydrate melted at 5U. The same cam- 
phene has likewise been found in citronella oil. 

By acting on bomylamine with sodium nitrite, Wallach 8 ) ob- 
tained a camphene (m. p. 50°; b. p. 160 to 161°), which was charac- 
terized by a remarkably strong optical rotation (M. + 103,89). 

*) Bertram and Walbaum, Joum. f. prakt. Chem. H, 4# (1894), 1. - In 
addition to /soborneol some borneol is formed. Aschan, Berl. Berichte W 
(1907), 4923, 

2 ) Uebig’s Annalen 357 (1907), 79. 

*) Ibidem 84. 
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Fenchene . 

A positive proof for the occurrence of fenchene in volatile 
oils has not yet been brought. The inference of its presence in 
terpene fractions boiling about 160' has been drawn from the for- 
mation of fenchyl alcohol. Thus Bouchardat and Tardy 1 ) obtained 
from an oil of Eucalyptus Globulus a terpene which, when heated 
with benzoic acid, yielded fenchyl alcohol. Upon heating French 
turpentine oil with sulphuric acid (‘ >« of its weight), and the 
reaction product with an excess of alcoholic potassa in an 
autoclave to 150 , these same authors obtained a readily soluble 
potassium salt which, upon addition of water, broke up into 
potassium acid sulphate and </-fcnchylalcohof.*) When repeating 
this experiment, Schimmel $ Co., however, could not find this 
alcohol. 3 ) In as much as it is not impossible that this terpene 
may occur as such in nature, mention of these observations 
should here be made. 

Artificially fenchene has been obtained by the dehydration 
of fenchyl alcohol, also by splitting off hydrogenchloride from 
fenchyl chloride. 1 ) Synthetically it has also been obtained from 
nopinonc, an “Abbau" product of ./-pinene. 1 ') Upon diazotation 
of fenchylamine with nitrous acid, Wallach fl ) obtained, in the 
main, a fenchene which boiled at 156 to 157°; d ljr 0,869; 
— 32 12'; n mr 1,4729. 

The isomeric complexities are even greater in the case of 
the fcnchencs than in that of the caniphenes. Possibly not one 
of the fenchenes thus far obtained represents a chemical unit. 
Even when the method of preparation employed was the same, 
differences in the constants, more particularly in the angle of 
rotation, were observed. In addition to semicyclic fenchenes, 
there appear to be fenchenes with double linkage in the cycle, 
the boiling point of which is appreciably lower. Fenchene 
has thus far been obtained only in the liquid state. Its odor 

*) Compt rend. 120 < 1 895), 1418. 

’) Compt. rend. 125 (1897), 113. 

a ) Report of Schimmel $ Co. April 1901, 53. 

‘) Wallach, Liebig's Annalen 263 (1891), 149. 

ft ) Wallach, Ibidem 357 (1907), 53; 363 (1908), 3. 

*) Ibidem 362 (1908), 180. 
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reminds of that of camphene. The following constants have 
been determined: 

B. p. 154 to 155"; d„. 0,8660; n mr 1,4693. 

B.p. 155 to 156"; d 1B . 0,8670; n Wb . 1.47047; 1 ) «„-f 21".*) 

Repeated determinations in the laboratory of Schimmel $ Co. 
revealed the following constants: 

B. p. 154 to 156° (765 mm.); d l5 . 0,8660 to 0,8665; n wr 1,46733 
to 1,46832. 

From the /-fenchene ([«] J} -32° 12') mentioned above, Wal- 
lach s ) prepared a dextrogyrate dibromide which melted at 87 to 88" 
and which revealed a specific rotation of + 42,83°. A dibromidc 
prepared from (/-fenchene (the fenchene being obtained from 
/-fenchone from thuja oil) likewise melted at 87 to 88 r . A mixture 
of equal parts of both bromides, upon recrystallization, showed 
the melting point 627) 

Mo other characteristic halogen or hydrohalogen or nitrosyl- 
chloride addition products are obtainable that might be used for 
the identification of fenchene. however, in like manner as 
camphene, fenchene can be hydrated to C l() H 1Jt O by means of 
the glacial acetic acid and sulphuric acid mixture. The alcohol 
thus obtained is /sofenchyl alcohol (m. p. 61,5 to 62 ) which 
yields with phenyl/socyanate a phenylurethane melting at 106 
to 1077) 

From the semicyclic fenchenes there result, upon oxidation 
with potassium permanganate, hydroxyfenchene acids which are 
characterized by difficultly soluble sodium salts. 

/50FENCHENE. The /sofenchene obtained by Bertram and 
Helle n ) from /sofenchyl alcohol was recognized by Wallach 7 ) as 
Z)-{/-fenchene. 

*) Wallach, Liebig’s Annalen 800 (1808), 313. 

a ) Wallach, Ibidem 80S (1898), 376. 

») ibidem 862 (1908), 182. 

4 ) ibidem 199. 

ft ) Bertram and Helle, joum. f. prakt Chem, II. 81 (1,900), 293; Report of 
Schimmel $ Co. October 1888, 48; April 1800, 56. 

*) journ. f. prakt. Chem. II. 61 (1900), 303. 

7 ) Liebig’s Annalen 862 (1908), 193. 
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oils has not yet been brought. The inference of its presence in 
terpene fractions boiling about 160' has been drawn from the for- 
mation of fenchyl alcohol. Thus Bouchardat and Tardy 1 ) obtained 
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alcohol. 3 ) In as much as it is not impossible that this terpene 
may occur as such in nature, mention of these observations 
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Artificially fenchene has been obtained by the dehydration 
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main, a fenchene which boiled at 156 to 157°; d ljr 0,869; 
— 32 12'; n mr 1,4729. 

The isomeric complexities are even greater in the case of 
the fcnchencs than in that of the caniphenes. Possibly not one 
of the fenchenes thus far obtained represents a chemical unit. 
Even when the method of preparation employed was the same, 
differences in the constants, more particularly in the angle of 
rotation, were observed. In addition to semicyclic fenchenes, 
there appear to be fenchenes with double linkage in the cycle, 
the boiling point of which is appreciably lower. Fenchene 
has thus far been obtained only in the liquid state. Its odor 

*) Compt rend. 120 < 1 895), 1418. 

’) Compt. rend. 125 (1897), 113. 

a ) Report of Schimmel $ Co. April 1901, 53. 

‘) Wallach, Liebig's Annalen 263 (1891), 149. 

ft ) Wallach, Ibidem 357 (1907), 53; 363 (1908), 3. 

*) Ibidem 362 (1908), 180. 
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hydrocarbon has an agreeable lemon-like odor. The pfiysical 
constants are approximately expressed by the following figures: 

B. p. 175 to 176°; d w . 0,850; n IW0 , 1,475. 

For /-limonene from the leaves of Abies alba Wallach found: 

B. p. 175 to 176°; d so , 0,846; n mo . 1,47459.*) 

The angle of rotation is high, but varies with the method 
of preparation. The highest deviation recorded was observed in 
the laboratory of Schimmel 8( Co. in connection with a (/-limonene 
obtained from caraway oil by fractionation in vacuum, viz., 
[ff]„ -f 123° 40'. A synthetic limonene prepared by Godlewski 
and Roshanowitsch 2 ) gave [«],, + 125 f 36'. For /-limonene from 
pine needle oil, Wallach 8 ) records [«] It — 105 r (in alcoholic or 
chloroformic solution). In connection with /-limonene from pine 
cone oil, the following constants were observed in the laboratory 
of Schimmel § Co. 

B. p. 176,5"; d w 0,8472; «„ - 101" 10', [«]„- 119,41°; 
n I120 1,47303. 

Chemically both limonenes are alike, yielding the same deri- 
vatives which differ only in the direction in which they deviate 
polarized light. When d- and /-limonene are mixed, dipentene results. 
This also results when the active limonenes are heated to a higher 
temperature or when they are acted upon with acids. In the cold, 
acids frequently cause the hydration of limonene to terpineol and 
terpin hydrate. At elevated temperatures, however, acids dehydrate 
these same hydration-products with the reformation of hydrocar- 
bons. Concentrated sulphuric acid changes limonene to cymene. 
When perfectly dry, limonene absorbs one molecule of hydrohalogen 
with the formation of limonene monochlorhydrate which, when 
treated with sodium acetate, yields active «-terpineol.*) A second 
molecule of hydrohalogen is added only in the presence of moisture 
when a derivative of dipentene (see p. 313) is formed. 

») Liebig’s Annalen 346 (1888), 222. 

*) |oum. russ. phys. chem. Ges. 81 (1899), 209. According to Chem. 
Zentralbl. 18W, I. 1241. 

•) Liebig’s Annalen 248 (1888), 222; Wallach and Conrady, Ibidem 362 
(1889), 145. 

») Semmler, Berl. Berichte 28 (1895), 2190; Wallach, Liebig’s Annalen 
850 <1906), 154. 
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Limonene adds 4 atoms of bromine yielding an optically active 
limonene tetrabromide that melts at 104 to 105° (see below). 
Upon addition of nitrosyl chloride, each limonene yields two 
(«- and p?-) nitrosochlorides ‘) which are physical isomers. These 
are prepared like pinene nitrosochloride and because of their 
different solubility in chloroform can be separated by means of 
this solvent. Chemically these nitrosochlorides behave alike. 
Upon withdrawal of hydrogen chloride with alcoholic potassa, they 
are converted into carvoxime melting at 72°. When treated with 
organic bases two series of nitrolamines 2 ) result. Of these 
the «-nitrol piperidine base melts at 94°, the ^-compound at 110°; 
the «-nitrol anilide base at 112 r , the ^-compound at 153°; the 
«-nitrol benzylaminc base at 93". The limonene monochlorhydrate 
mentioned above also yields a nitrosate. 

With dilute permanganate solution limonene is oxidized to the 
saturated tetratomic alcohol limonetrite (m. p. 191,5 to 192°). 8 ) The 
other oxidation products of limonene afford little that is characteristic. 

Limonene is most readily identified by means of its tetra- 
bromide, prepared according to Wallaces directions. 4 ) The fraction 
is purified as much as possible and diluted with about four times 
its volume of glacial acetic acid. Bromine is added drop by drop 
to the well cooled solution as long as it is taken up with decoloration. 
The crystals separating after standing for some time are collected 
and recrystallized from acetic ether. As a rule they are distin r 
guished from those of dipentene tetrabromide by having smooth 
surfaces, and by being soft and fleible.') The melting point of 
the pure tetrabromide is about 104,5 r , the specific rotation M tbfe 
chloroform solution is 4- 73,27 and —73,45° respectively. * • 

In connection with the preparation of the tetrabromide, it./ 
should be noted that reagents absolutely free from water need^! 
not and should not be used. These are apt to give rise to the £ 
formation of a non-crystallizable tetrabromide. Nevertheless file 
crystalline product is to be regarded as the normal bromide.*) 

') Wallach, Liebig's Annalen 255 (1889), 109. 

*) Wallach, Ibidem 570 (1892), 172. 

*) Wagner, Berl. Berichte 23 (1890), 2315. 

4 ) Liebig’s Annalen 2SS (1887), 3. 

h ) Wallach, Liebig’s Annalen 227 (188$, 279. 

“) Wallach, Ibidem 264 (1891), 14, 
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Wallach also advises not to use alcohol or ether as diluent since 
they give rise to the formation of liquid by-products. Like disturbing 
factors are encountered when the terpene fractions used are not 
sufficiently uniform in composition. 

Minor modifications in the method of preparation have been 
recommended by various investigators. Baeyer and Villiger 1 ) employ 
as diluent a mixture of 1 vol. of amylalcohol and 2 vol. ether, cool 
the mixture and add bromine drop by drop. In the proportion in which 
the ether evaporates, the tetrabromide is said to crystallize out. 

Power and Weber 2 ) add the fraction to be tested for limonene 
drop by drop to a cooled mixture of glacial acetic acid and 
bromine until only a slight excess of bromine remains. The 
solution is then decolorized with an aqueous solution of sulphur 
dioxide and the bromide precipitated with water. Their object 
is to prevent the formation of hydrogen bromide and of non- 
crystalline bromides of isomeric terpenes. 

Finally, a combination of both methods has been suggested 
by Godlewsky. 3 ) He suggests that a solution of the terpene in 
a mixture of equal parts of amylalcohol and ether be added 
drop by drop to an ethereal solution of bromine which is kept 
cold by ice water during the course of the reaction. 

Dipentene. 
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The optically inactive form of limonene, the dipentene, has 
been found frequently in nature, though not as commonly as 

l ) Berl. Berichte 27 (1894), 448. 

*) Pharm. Rundschau (New York) 12 (1894), 160; Arch, der Pharm. 2Sf 
(1894), 646. 

*) Chem. Ztg. 22 (1898), 827. 
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limonene. It must also be born in mind that the dipentene 
identified may have been formed from pinene or limonene during 
the process of fractionating the oil. Dipentene has been found 
in the following oils: In the oils from the turpentines of different 
species of Pinus, in pine tar oils, in the needle oil from Picea 
excelsa , in Swedish turpentine oil, in Siberian pine needle oil, 
in the needle oil from Callitris glauca, in the oils of palmarosa, 
lemongrass, citronclla, gingergrass, cardamom, pepper, cubeb, 
nutmeg, boldo leaves, kuromoji, camphor, cinnamon root, massoy- 
bark, apopin, bergamot, limette leaves, neroli, wartara, buchu, 
frankincense, myrrh, myrtle, ajowan, coriander, cumin, and fennel, 
also in the oils of Satuwja Thymbra, Thymus capitatus, in 
American pennyroyal oil, in kessoroot oil and in goldenrod oil. 

Aside from its formation from equal parts of d * and /-limonene, 
it is obtained synthetically by polymerization of the unsaturated 
aliphatic hydrocarbon isoprene, C ft H h ; also, together with terpinene, 
upon dehydration of the aliphatic alcohols linalool and geraniol. 
Furthermore, it results upon isomerization of other hydrocarbons 
e.g. pinene, limonene, phellandrene; also by inducing 
the proper changes in related oxygenated compounds, such as 
cineol, terpineol, and terpinhydrate. Dipentene, together with 
cincol and limonene, was also obtained by the action of nitrous 
acid on fenchylamine. 

A relatively pure dipentene can be obtained by the dry 
distillation of caoutchouc. After the removal of the isoprene, 
fraction 172 to 178 is carefully and repeatedly fractionated over 
sodium. The presence of any cineol, which has a like boiling 
point, can be ascertained by a corresponding increase in the 
specific gravity. A less pure preparation can be obtained from 
dipentene dihydrochloride by splitting off hydrogen chloride with 
aniline or sodium acetate in glacial acetic acid; 1 ) also by the 
dehydration of crystalline terpineol by means of potassium acid 
sulphate. 3 ) 

Physically, dipentene differs from limonene only by its optical 
inactivity. The boiling point of pui^| dipentene appears to be the 

') Wallach, Liebig's Annalen 239 (1887), 3 ; 24 5 (1888), 196. Comp, also 
Tilden and Williamson, Joum. chem. Soc. <8 (1893), 294. 

') Wallach, Liebig’s Annalen 275 (1893), 109. 
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same as that of limonene. However, when in research for 
dipentene, it is necessary to take into consideration fractions 
that boil somewhat higher than the corresponding limonene 
fractions. 1 ) Specific gravity and index of refraction agree fully 
with those determined for limonene. For dipentene from caout- 
chouc the following data were ascertained in the laboratory of 
Schimmel ^ Co.: 

B.p. 175 to 176°; d 80 . 0,844; n l)20 , 1,47194. 

Dipentene is relatively stable. When heated it is not 
converted into isomeric hydrocarbons C 10 H lfl , but polymerizes. 
However, when heated with alcoholic sulphuric acid, it is changed 
to terpinene. Its derivatives arc inactive and can be obtained 
from dipentene as well as by the union of equivalent amounts 
of the corresponding derivatives of limonene. The dipentene 
derivatives reveal minor differences from the corresponding 
limonene derivatives, notably in their melting points. Toward 
hydrohalogen, bromine and nitrosylchloride dipentene behaves 
like the active limonenes. The solid addition products that result 
upon the addition of two molecules of hydrohalogen, exist in two 
modifications, viz., the c/s- and trans- forms.-) Of these the one 
with the lower melting point and the greatest solubility is desig- 
nated the c/s-form. The higher melting transform is the more 
stable and always results when the reaction mixture is allowed 
to become warm. In the cold, both forms usually result simul- 
taneously. In as much as the tatfs-form results in most cases, 
the following data pertain to this modification. The dichlor-, 
dibrom- and diiod-hydrates of dipentene result when hydrohalogen 
is passed to saturation into an ethereal or glacial acetic acid 
solution of either limonene or dipentene. Upon evaporation of 
the solvent, or upon the addition of water thereto the com- 
pounds separate in the form of an oil which soon crystallizes. 
Since terpinene yields analogous compounds, and since mixtures 
frequently cause very appreciable melting point depressions, these 
compounds may prevent each other from crystallizing. However, 
a separation of the dihydrohalogeh addition products of dipentene 

«) Wallach, Liebig’s Annalen 286 (1895), 138; Bert. Berichte 40 (1907), 600. 

*) Baeyer, Berl. Berichte 26 (1893), 2861. 
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and terpinene may be obtained by taking into consideration their 
difference in stability toward dilute alkali. 1 ) 

Dipentenc dichlorhydrate melts at 50’ and can be crystallized 
from its alcoholic solution by the careful addition of water; 
the dibromhydrate forms rhombic, shiny plates that melt at 64°; 
the diiodhydrate crystallizes in various forms and melts between 
77 to 81’. From all of these, dipcntene can be regenerated upon 
the withdrawal of hydrohalogen. When shaken with dilute alkali, 
they yield «-terpineol and terpinhydrate. 

As in the case of limonene, so the nitrosochloride of dipentene 
exists in two physically isomeric forms (« and ./), which are 
more soluble than their active components. When treated with 
alcoholic potassa, they lose hydrogen chloride and yield inactive 
carvoximc m. p. 93 When treated with organic bases, the ni- 
trosochlorides yield two nitrolamincs in each case; of these the 
nitrolamine bases melt at 154 and 152" respectively, the nitrol 
aniline bases at 125 and 149 , and the particularly characteristic 
(Hiitrolbenzylamine base at 110 . A dipentenc nitrosate, also a 
nitrosate of the dipcntene monochlorhydrate are known. 8 ) 

For the identification of dipentene the preparation of its 
tetrabromide 8 ) is commonly resorted to. It is prepared, like 
the limonene tetrabromide, from dipentenc, or when concentrated 
solutions of equal parts of d- and /-limonene tetrabromide are 
mixed. 4 ) The crystals differ from those of limonene tetrabromide 
by their appearance, the dipentenc tetrabromide revealing pecu- 
liar striations in the vertical zone. They are also very fragile. 
Dipcntene tetrabromide also differs from the limonene tetra- 
bromides by its lesser solubility and its higher melting point, 
viz. , 124 to 125". For its identification the above-mentioned 
nitrosochloride and the corresponding nitrolbenzylamine base can 
be used, also the carvoximc obtained from the nitrosochloride and 
finally the dichlorhydrate described above. 

In the case of mixtures of limonene and dipentene, which 
may not occur infrequently, it should be remembered that, as a 
rule, the dipentene compounds separate first. 

*) Wallach, Liebig’s Annalen 850 (1406), 160. 

*) Wallach, Uebig’s Annalen 345 (1888), 258. 

*) Wallach, Liebig's Annalen 227 (1885), 278. 

*) Wallach, ibidem 346 (1888), 226. 
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Terpinolene . 



H 3 CCCH 8 

Thus far this terpene has been obtained by synthetical 
means only, although Clover 1 ) claims to have found it in a 
Manila elemi oil, observing at the same time a gradual inversion 
into dipentene. Recently its presence in coriander oil has like- 
wise been rendered probable.*) 

The boiling point of terpinolene is in the neighborhood of about 
185 to 187". As characteristic derivatives, the tetrabromide melting 
at 1 16° and the dibromide melting at 69 to 70" should be mentioned. 
The addition of hydrohalogen yields the corresponding dipentene 
derivatives. Upon oxidation with potassium permanganate, terpin- 
olene erythritol, C 1() H, 6 (0H),-H 2 0, melting at 148 to 150 , results. 

Sylvestrene ({-Sylvestrene - Carvestrene). 

CH, 
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Sylvestrene is one of the less common natural terpenes. 
Thus far it has been found, always in the dextrogyrate modi- 


l ) Philippine |oum. of Sc. 2 (1907), A. 17. 

*) Report of Schimmel Si Co. October 1909, 48. 
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fication, in the oils of the Pin ace os: in the pine tar oils of 
Sweden and Finland, in the turpentine oils of Finland, Russia, 
and Sweden, in the needle oil of Pin us sylvestris of Germany, 
Sweden, and England, in the needle oil of Pinus montana, and 
in cypress oil. The statement by More 1 ) that /-sylvestrene 
occurs in the oil from the resin of Dacryodes hexandra, still 
needs verification. 

It can be obtained in a relatively pure state by preparing 
the dichlorhydrate from fractions rich in sylvestrene and by sub- 
sequent regeneration by boiling the hydrochloride either with 
aniline *) or with sodium acetate and glacial acetic acid. 51 ) The 
hydrocarbon thus obtained closely resembles limonene in its 
physical and chemical properties. Like the limonene, it has a 
pleasant odor resembling that of limonene. Specific gravity and 
boiling point agree well with the corresponding constants of 
limonene. 

Atterberg, the discoverer of sylvestrene, found the following 
constants: 

B. p. 173 to t75 ; d„ 0,8612; [«] lllr + 19,57) 

Wallach records the following: 

B. p. 176 to 177 ; d 1<r 0,851; n„ 1,47799.*) 

B. p. 175 to 176 ; d sr 0,848; [«]„+ 66,32° (in chloroformic 
solution); n„ 1,47573.") 

When heated to 250 , sylvestrene is polymerized, but not,, 
isomcrizcd, neither is the latter change brought about by elfcO- 
holic sulphuric acid. Hence this hydrocarbon is one of the most 
stable of the terpene group. Like limonene, so sylvestrene con- 
tains two double bonds that can be satisfied either entirely Of* 
in part by hydrohalogen, bromine, or nitrosyl chloride. PecuHafij£> 
however, is the dichlorhydrate which, unlike the inactive 
tene dihvdrochloride, is optically active (dextrogyrate) and^t^/ 

*) |ourn. chem. Soc. 75 (1849), 718. 

*) Wallach, Liebig’s Annalen 280 (1885), 243. 

») Wallach, Liebig’s Annalen m (1887), 25; 246 (1888^l^ v , 

') Berl. Berichte 10(1877), 1206. 

*) Liebig’s Annalen 245 (1888), 148. 

*) Liebig’s Annalen 252^1889), 149. 
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which active sylvestrene can be regenerated upon splitting off 
hydrohalogen. The tetrabromide, prepared like that of the 
limonene, melts at 135 to 136 5 ; however, it is difficult to obtain 
it in solid state when, as is mostly the case, other terpenes are 
present in the fraction. With amyl nitrite and hydrochloric acid, 
pure sylvestrene yields a nitrosochloride melting at 106 to 107°, 
and this with benzylamine an nitrolamine base that melts 
at 71 to 72°. 

For the separation of sylvestrene from mixtures, as well as 
for its identification, the chlorhydrate is best suited. This com- 
pound, which can be separated in crystalline form at considerably 
reduced temperatures only, is prepared in the following manner. 
The fraction in question is diluted with an equal volume of 
ether and saturated with hydrogen chloride gas. After standing 
for about two days, the ether is distilled off and the residue 
induced to crystallize by considerably reducing its temperature. 
With the aid of porous plates the crystalline magma is freed 
from oily admixture and recrystallized from an equal weight of 
alcohol. The hydrochloride thus partly purified, is freed from 
the corresponding dipentenc compound by fractional crystalli- 
&tj#n from ether, in which the latter is more difficultly soluble. 
The 'purified dihydrochloride melts at 72 V) It should be remem- 
bero|$that, in the presence of dipentene or of such terpenes that 
.yield dipentenc dihydrochloride when acted upon by hydrogen 
chloride, mixtures of chlorhydrates result, the melting point of 
which is lowered with the increasing content of dipentene dihy- 
drochloride. The dibromohydrate of sylvestrene melts at 72 \ the 
diiodohydrate at 66 to 67°. By treating these dihalogen hydrates 
with dilute potassium hydroxide, sylveterpin, C JO H l8 (OH) 8 , m.p. 
135 to 136°, also sylveterpineol, C 10 h 17 OH, b.p. 210 to 214V) 
result. These compounds correspond with those obtained in like 
manner from dipentene dihydrochloride. 

If to a solution of a few drops of sylvestrene in acetic acid 
anhydride a drop of concentrated sulphuric acid be added, a 
beautiful blue color is produced. This reaction succeeds only 
then when the fraction to be tested is rich in sylvestrene. 


') Wallach, Liebig’s Annalen 280 (1885), 241; 288 (1887), 25. 
*) Wallach, Liebig's Annalen 867 (1907), 72. 
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Terpinene. 
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Until very recently our knowledge of the occurrence of ter- 
pinenc was very limited. Besides the dihalogen addition product, 
also yielded by other terpencs, the addition product of nitrous 
acid was the only characteristic derivative. The designation ter- 
pinene heretofore applied to a hydrocarbon which yielded, with 
nitrous acid, a nitrosite melting at 155 r . The artificially prepared 
hydrocarbon is a mixture of two isomers, designated «- and 
j'-terpinene by Wallach, the composition of which varies with 
the method of preparation. 

The hydrocarbon was first found by Weber 1 ) in the oil 
of the long Ceylon cardamom. With the aid of the nitrosite 
m. p. 155% its presence was likewise established in the oil 
of Levant wormseed, in Manila clemi oil, in the oil of dill 
herb, and in marjoran oil. The presence of both constituents, 
found by Wallach in what is designated artificial terpinene, in 
volatile oils was first revealed by the investigations in the 
laboratory of Schimmel $ Co. 15 ) Thus «-terpinene was found 
in coriander oil, /terpinene in ajowan oil, lemon oil, and 
coriander oil. 

Artificially, terpinene is obtained by the action of acids upon 
such hydrocarbons as pinene, dipentene, and phellandrene; or 
upon such oxygenated compounds as linalool, geraniol, terpi- 

‘) Liebig’s Annalen 288 (1887), 107. 

-) Glldemeister and Muller, Wailach-Festschrift, GSttingen 1909, p. 443. 
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neol, terpinenol, terpinene terpin, terpinhydrate, dihydrocarveol, 
and cineol; further by splitting off hydrohalogen from the terpinene 
halogenides; and by special decomposition of carvylamine, car- 
venone, and methyl-dichlormethyl-ketodihydrobenzene. Especially 
adapted to the preparation of products rich in «-terpinene 
are the syntheses of Semmler 1 ) and Auwers,*) Pure products, 
however, are not obtained; hence the constants are but ap- 
proximations. For a terpinene obtained by the action of 
methylmagnesium iodide on sabinaketone and purified by 
repeated distillation over sodium, Wallach 8 ) records the following 
constants: 

B. p. 174 to 179°; d M . 0,842; n n 1,4719; 

and for a preparation regenerated from its hydrochloride by 
heating with aniline: 4 ) 

B. p. 179 to 181 r ; d sr 0,846; n„ 1,4789. 

In connection with a fraction from coriander oil consisting 
of a- and j'-terpinene, Schimme! 8; Co. observed the following 
constants: 

B. p. 177 to 178 f ; d IB . 0,8485; « l) + 0°32'; n Jli0 . 1,47650. 

Terpinene bears a great rescmblence to dipentene. When 
acted upon by the hydrohalogens, terpinene halogenhydridcs 
result which might easily be confounded with those of dipentene. 
Both c/s- and trans - modifications exist. However, the latter only 
are concerned so far as identification is meant, for the former 
are liquid. 

Terpinene dihydrochloride melts at 51 to 5 2\ the dihydro- 
bromide at 58 to 59", the dihydroiodide at 76'. From the cor- 
responding isomeric dipentene compounds they can be distin- 
guished by the decided depression of the melting point of their 
respective mixtures. When the hydrochloride is boiled with bases, 
a mixture of several hydrocarbons results. When shaken with 
dilute potassium hydroxide solution, terpinene terpin (m. p. 137 


») Berl. Berichte 41 (1908), 4474 ; 42 (1909), 522. 
*) Ibidem 42 (1909), 2424. 
a ) Liebig’s Annalen 882 (1908), 301. 

4 ) Liebig’s Annalen 850 (1906), 149. 
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to 138°), terpinenol-4, and ;'-terpinenol result, also c/s- and trans- 
terpin. 

The addition of bromine to terpinene yields liquid com- 
pounds only. Neither could a nitrosochloride be obtained. Upon 
addition of nitrous acid, terpinene nitrosite melting at 155° 
results, which yields nitrolamines when acted upon with piper- 
idine and nitrolamines. The nitrolpiperidine base melts at 153 
to 154°, the nitrolbenzylamine base at 137°. Careful reduction 
of the terpinene nitrosite and its nitrolamines with zinc dust 
and glacial acetic acid yields carvenone. The use of more 
energetic reducing agents, such as sodium and alcohol, is 
apt to yield tetrahydrocarvonc and tetrahydrocarvylamine. Ac- 
cording to Wallach the nitrosite is a derivative of «-terpinene, 
which, upon oxidation with permanganate yields /-«,«'-di- 
hydroxy-«-methyl-<r'-/sopropyladipic acid melting at 188 to 189°, 
and the lactone of which melts at 72 to 73°. Further oxid- 
ation of this acid yields dimcthylacctonylacetone, the semi- 
carbazide of which melts at 201 to 202", and the dioxime 
at 137 . 

When oxidized in like manner, ;'-terpinene yields the erythritol 
C 10 h, fl (Oh), m. p. 237 . When acted upon by dilute sulphuric 
acid this is converted into carvacrol and thymol. 

For the identification of terpinene in volatile oils, fraction 175 
to 185" is examined. Some clue may be had from the formation of 
terpinene dihydrochloride, m. p. 52", by passing hydrogen chloride 
gas into a glacial acetic acid solution of the hydrocarbon. Thujene 
and sabinene, also terpinenol and terpinene terpin, which also yield 
the same chloride, boil at cither higher or lower temperatures. 
Particularly suited for identification is the terpinene nitrosite, 
which is prepared in the following manner: To 3 ccm. of the 
hydrocarbon fraction to be examined, in a narrow test tube, 

ccm. glacial acetic acid and 4 1 ccm. of water are added. 
To the well cooled mixture a concentrated aqueous solution of 
1,5 g. of sodium nitrite is added, a small portion at a time, 
causing the hydrocarbon to assume a green color. When the 
nitrous acid has been absorbed completely, a reddish-yellow 
color results. In order to avoid supersaturation, the reaction 
mixture is inoculated with a crystal of pure nitrosite. The 
crystals which separate in the course of time are washed 
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with water and petroleum ether and crystallized from alcohol 
(m. p. 155'). 

The presence of one or the other modifications of terpincne 
can be established positively only by oxidation with permanganate. 
Wallach 1 ) proceeds in the following manner: A mixture of 7 g. of 
the hydrocarbon, 33 g. of potassium permanganate, 14 g. potassium 
hydroxide, 400 g. ice and 400 ccm. water, contained in a copper 
flask, is shaken with a shaking machine for an hour. The excess 
of hydrocarbon is distilled off, the oxide of manganese separated 
by filtration, and the filtrate saturated with carbon dioxide while 
it is being evaporated to dryness. The residue is extracted with 
alcohol, the alcoholic filtrate evaporated to dryness, this residue 
dissolved with a small amount of hot water and the solution set 
aside for crystallization. The magma of cristals is separated, 
washed with a little cold water, dried on porous plate and re- 
crystallized from 15 to 20 times its weight of 25 p. c. alcohol. The 
melting point of this oxidation product, the erythritol mentioned 
above, lies at 235 to 236", or if heated rapidly at 237 to 238 . It 
is sparingly soluble in ether, ligroin, cthylacctatc, or chloroform; 
not readily in cold alcohol or water, but more readily in these 
solvents when hot. The mother liquid from the erythritol is 
shaken out with ethylacetate and then supersaturated with sul- 
phuric acid in the cold. This acid liquid is shaken out once 
with ether and then exhausted by shaking with ethyl acetate. 
The ethyl acetate takes up an acid which crystallizes out 
upon proper concentration of the solvent. Recrystallizcd from 
about six times its own weight of water, «'-dihydroxy-«- 
methylV-/sopropyladipic acid melts at 189 with the elimination 

of water. 

Even in the cold, terpincne is readily attacked and destroyed 
by the chromic acid mixture prepared according to Beckmann’s 
directions.-) This property can be made use of when terpincne 
is to be removed from mixtures containing pinene, camphcne, 
limonene, tcrpinolene, cineol, and pinol since these substances 
are stable toward this oxidizing agent in the cold. 


*) Liebig’s Annalen 3#2 (1908), 297; comp, also Gildemeister and Muller, 
Wallach-Festschrift, Gottingen 1909, p. 443. 

*) Berl. Berichte 27 (1894), 815. 
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Phellandrene belongs to those hydrocarbons C l(l H llt that are 
widely distributed. In nature it occurs in several modifications. 
According to Wallach 1 ), plidlandrcnc is defined as “a hydrocarbon 
C 1M ll Ml , which when brought into contact with N,0 ;1 in an in- 
different, non aqueous solvent (ligroin) at a temperature below 
0 — hence under conditions that exclude inversion as much as 
possible yields at once a well characterized nitrite”. 

Of the natural phcllandrenes the «- and the (/-varieties should 
be kept quite distinct. Of the ('-variety, the (/-((-phellandrene has 
been found in gingergrass oil, schinus oil, bitter fennel oil, the 
Spanish dill herb oil, both Ceylon and Scychelle cinnamon oil, 
and clemi oil; the /-((-phellandrene in Australian eucalyptus oil 
and star anise oil. 

./-Phellandrene has been found in water fennel oil (d-), in 
lemon oil, schinus oil, star anise oil, in the oil of Eucalyptus 
amygdatina and probably in coriander oil and cumin oil. 

In most other instances when the presence of phellandrene 
has been reported, it docs not become apparent which phellandrene 
it is that has been identified. In most instances, however, it ap- 
pears to be ((-phellandrene which appears to be accompanied by 
traces of (/-phellandrene. Hence the conditions appear to be 
similar to those observed in connection with «- and ./-pinene. 
In addition to the occurences mentioned above, phellandrene has 
been found in the following volatile oils: 


') Liebig’s Annalen m (1004), 10. 
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tf-Phellandrene in Siberian pine-needle oil, in the oil from 
the wood of C&safpinia Sappan and in angelica root oil. 

/-Phellandrene in the needle oil from Picea excelsa, the 
needle oil from Pinus montana, pimenta oil, bayberry oil from 
the Bermuda islands and in the oil from the seeds of Monodora 
grandiflora. 

Without reference to the optical rotation, the presence of 
phellandrene has been recorded in the oils of Juniperus p/utnicea, 
Andropogon laniger, curcuma, ginger, pepper, magnolia, Mono - 
dora Myristica, Cinnamomum pedunculatum (bark), cinnamon 
root, camphor, sassafras leaves, geranium, frankincense, Eucalyp- 
tus actnenoides, angophoroides , capi tel lata, coriacea , crcbra, 
Dawsoni, Dclegatiensis, dives, fastigiata , Eletcheri, fraxinoides, 
bmmastoma, loxophlcba, Luebmanniana, macrorrbyncba , me- 
lanoph/oia, nieliodora, microtheca, nigra, obliqua, oreadcs, ova/i- 
folia, o. var. lanceoJala, pulvcrulenta, radiata, Risdoni, robusta, 
rostrata, sidcropbloia, sideroxylon var. pal lens, Sivberiana, 
stellulata, viniinalis, virgata, vitrea, in German and English dill 
oil. in the oil of ajowan herb, and in the oils of peppermint, 
wormwood, goldcnrod, and dog fennel. 

The phcllandrcncs belong to the least stable of the terpenes. 
Hence, when it i,s desired to isolate phellandrene from a volatile 
oil or to identify it, the oil should not be distilled repeatedly 
under ordinary pressure, but should be fractionated under dimi- 
nished pressure. 

Synthetically, ((-phellandrene was obtained by Harries and 
(ohnson, 1 ) also by Wallach.-) However, the products obtained 
were not of unquestioned purity. The only crystalline deri- 
vatives of the phcllandrenes, the nitrosites, do not lend them- 
selves to the regeneration of the hydrocarbon. They are decom- 
posed with alkali, 3 ) but no hydrocarbon C J( ,H Jfl results. In the 
study of phellandrene, it is therefore necessary to be content 
with fractions rich in phellandrene. For this purpose the fraction 
170 to 178 is usually taken. The properties of phellandrene, 
as recorded, pertain to such fractions. 

•) Berl. Berichte 3H (1905), 1832. 

*) Liebig’s Annalen &V.I (1908), 283. 

•') Wallach, Liebig’s Annalen 2H7 (1895), 374; m (1904), 30. 

21 * 
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Of the constants observed, the following may here be 
mentioned: 

/-«-Phcl!andrcnc from the oil of Eucalyptus amygdalina .*) 

11. p. 173 to 175 (754 mm.), 50 to 52 (5 mm.); d ir 0,848; 

84 10'; n,,.,, 1,47604. 

</-«-Hicllandrcnc from gingergrass oil: -) b. p. 44 to 45 (4 mm.), 
175 to 176 (754 mm.); d Ia 0,8565; «f„ + 40 40'. 

d-u- Phcllandrene from elemi oil:*) b. p. 61 (11 mm.); d J0 
0,844; n llMI 1,4732. 

./-Hhcllandrcne from water-fennel oil: b. p. 57 (11 mm.); 
d.,„ 0,8520; n 1M1 1,4788*) and d ls 0,848; [</]„ 4 14 45'; n„ lv 
U759. r> ) 

The optical rotation is very variable. It is reduced by the 
action of sun light/') 

As already pointed out, phcllandrenc is relatively unstable. 
When heated to its boiling point it is polymerized. By the 
action of acids it is even more readily changed to inactive iso- 
mers. Thus by the action of hydrohalogcn it is converted into 
dipentene, by alcoholic sulphuric* acid into terpinenc. When acted 
upon by halogen or hydrohalogcn, liquid compounds mostly result. 
When oxidized with potassium permanganate, ff-phellandrene 
yields the oily «-hydroxy->-/sopropylglutaric acid, which, upon 
further oxidation with lead peroxide and sulphuric acid, is con- 
verted into /sopropylsuccinic acid. The oxidation products obtained 
from ./-phcllandrenc are «'-hydroxy-/-/sopropyladipic acid and v- 
/sopropylglutaric acid respectively. 7 ) Upon oxidation of ( /-phellan- 
drcnc with a one percent, solution of potassium permanganate, 
Wallach H ) obtained, in addition to J-’/sopropylcyclohexanone, 
((-/sopropylglutaric acid, /sobutyric acid, and an oily glycol. When 
acted upon with dilute sulphuric acid, this glycol yielded tetra- 

') Observations made in the laboratory of Schimmel § Co. 

-) Report of Schimmel $ Co. April 1tW4, ot>. 

a ) Wallach, Liebig's Annalen tUtt* (1904), 12. 

4 ) Ibidem 43. 

■•) Ibidem :WO (1905), 2. 

") Bacon, Philippine )ourn. of Sc. 4 (1909), A. 101. 

7 ) Semmler, Bert. Berichte (1903), 1749, 

s ) Liebig’s Annalen 840 (1905), 12. 
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hydrocuminic aldehyde and some dihydrocuminic alcohol. When 
i'-phellandrene is oxidized with oxygen from the air, .I’/sopropyl- 
cyclohexanone results. 1 ) 

The only solid derivative of phellandrene is its nitrite resulting 
upon the addition of nitrous acid, hence this is used for its iden- 
tification. Both phellandrenes yield two nitrites, which, as first 
pointed out by Schreiner,*) are distinguished by their inciting 
points. In order to ascertain whether an oil contains phcllan- 
drcnc, a solution of 5 g. of sodium nitrite in 8 g. water is placed 
beneath a layer of a solution of 5 cc. of the oil in lOcc. of petro- 
leum ether. 5 cc. of glacial acetic acid arc then added while 
shaking the mixture for the purpose of generating the necessary 
nitrous acid. The voluminous crystalline magma is removed 
with the aid of a force filter, washed first with water and then 
with methyl alcohol, and finally purified by repeated solution in 
chloroform and subsequent precipitation with methyl alcohol.") 
The crude phellandrene consists of two modifications and the 
more soluble nitrite is lost in the above process. If it is desired 
to ascertain which phellandrene is present in a given oil, it is 
necessary, therefore, to purify with the aid of acetone.*) When 
precipitated fractionally w'ith water, the nitrite of «-phellandrcne 
can be separated into its two modifications melting respectively 
at 112 to 113 (or 113 to 114 ) and 105 ; ^-phellandrene into 
its two modifications melting at 102 and 97 to 98' respectively. 
All of these have different angles of rotation, partly dextrogyrate, 
partly la^vogyratc. 

Unlike terpinene nitrosites, the phellandrene nitrites cannot 
be converted into nitrolamincs. When treated with sodium alco- 
holate, ff-phcllandrcne nitrite yields nitro-«-phellandrcne. Upon 
reduction with zinc and glacial acetic acid, this yields carvotan- 
acetonc and dihydrocarvylamine. The more energetic reduction 
with sodium in alcoholic solution yields tetrahydrocarvone and 
tctrahydrocarvylaminc/’) ; j-Phellandrene, when treated with sodium 
alcoholate, yields nitro-^-phellandrene. When reduced, this is con- 

’) Liebig’s Annalen m (1905), 29. 

*) Pharmaceutical Archives 4 (1901), 90. 

*) Wallach and Gildemeister, Liebig's Annalen 244» (1888), 282. 

4 ) Wallach, Liebig’s Anrfalen 88fi (1904), 13. 

'■) Ibidem 30, 44. 
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verted into dihydrocuminic aldehyde (m. p. of the semicarbazone 
200 to 202'), tetrahydrocuminylamine and cuminylamine. 

For the oxidation of /-phellandrene the oxidation with a one 
percent, solution with potassium permanganate may also be re- 
sorted to, yielding a syrupy glycol (b. p. 150 at 10 mm.). 1 ) When 
heated with dilute sulphuric acid, this glycol is converted into 
dihydrocuminic alcohol and tctrahydrocuminic aldehyde (b. p. 220 
to 230 ; d.,„ 0,03; n le „ 1,4003; m. p. of the semicarbazone 204 
to 205 . As byproducts /sopropyl-l-or/ohexene-2-one-4, and t<- 
/sopropylglutaric acid, and /sobutyric acid result. 


SESQUITERPENES. 

In addition to the terpcncs C l(l H Irt , the higher boiling fractions 
of many volatile oils, r />., those between 250 and 280 , contain 
hydrocarbons corresponding to the formula C la h sl which have 
been named sesquiterpenes. Of these a considerable number 
have been isolated, but tew have been investigated to any extent. 

A few oils consist almost exclusively of sesquiterpenes. In 
most instances, however, they play but a secondary role. Their 
occurrence is so general that they must be regarded as belonging 
to the most common constituents of the volatile oils. 

Artificially also sesquiterpenes have been prepared from the 
alcohols which accompany the former in many volatile 

oils. These alcohols seem to stand in the same relation to the 
sesquiterpenes as does terpineol, C 1(t H ls O to the hydrocarbon 
C m ,H 1h . Nevertheless the addition of the elements of a molecule 
of water to a hydrocarbon C,. H,, by means of the glacial acetic 
acid - sulphuric acid mixture has been carried out successfully in 
but one instance. Whether the hydrocarbons obtained by 
the dehydration of the "sesquiterpene alcohols" are identical with 
the natural sesquiterpenes, has not yet been determined. 

In general, the boiling points of the sesquiterpenes lie be- 
tween 250 and 280 ; their density 0,86 and 0,93, as a rule above 
0,90. In most instances they are slightly colored. They are 
more viscid than the terpencs and have a faint odor. In part 


‘) Liebig's Annalen 840 (1903), 12. 
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they resinify as readily as do the terpenes and they are diffi- 
cultly soluble in alcohol. As unsaturated hydrocarbons they add 
halogens, hydrohalogens, NOCI, N,0, and N,0 4 . Some of them 
yield crystalline addition products which can be used for their 
identification. Their oxidation products, however, remain practi- 
cally unexamined. 

As to their constitution, nothing definite is known. Hence we 
arc dependent on their physical properties for their classification. 
A better knowledge of the sesquiterpenes is rendered more difficult 
from the fact that the only method suitable for their isolation, 
namely that of fractional distillation, precludes the preparation of 
pure products. Based on their molecular refraction and relative 
density, they are classified as aliphatic, monocyclic, dicyclic and 
tricyclic sesquiterpenes. 1 ) As with the terpenes, these groups 
are characterized by regularity with reference to boiling point 
and more particularly to density. 


Mol.-Refr. (calc.) Density (15 ) 


aliphatic sesquiterpenes 69,5 

monocyclic „ 

67,76 

bicyclic „ 

66,15 

tricyclic „ 

64,45 


about 0,86, 

„ 0,875 to 0,89, 

„ 0,90 „ 0,92, 

„ 0,93 „ 0,94. 


In as much as only a few sesquiterpenes have been obtained 
in a pure state, it is frequently difficult to ascertain to which 
of the above groups they belong. The conditions of isomerism 
are even more complicated than among the terpenes. Never- 
theless it is not at all probable that the 60 to 70 known ses- 
quiterpenes arc all different. No doubt, many of these will be 
found identical as soon as it becomes possible to obtain a clear 
view over this field as over that of the terpenes, since the ter- 
penes have become one of the best known groups of organic 
compounds. 

In the compilation which follows only those representatives of 
the sesquiterpenes will be discussed in detail the characterization 
of which has been made possible. 


') Theoretically tetracyclic sesquiterpenes are also possible. In as much 
as none of these have yet been isolated, this mere reference to the group 
may suffice. 
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Aliphatic Sesquiterpenes. 

To this group there possibly belongs the “light sesquiterpene” 
which was isolated by Schimmcl 2( Co. 1 ) from Ceylon citronclla oil 
and which possesses the following properties: 

B. p. under atmospheric pressure 270 to 280 with much 
decomposition, at 137 under 15 mm. pressure; d 16 , 0,8643; 
ff„ w - 1 28'; n llls 1,51849. 

This sesquiterpene, of which no derivatives arc known, is 
very unstable. When exposed to the air, it rcsinifics within a 
few days to a syrupy liquid. 


Monocyclic Sesquiterpenes, 

liisnhohnv. 

Bisabolcnc was first found by Tucholka*) in Bisabol myrrh 
oil. The same name was given later to sesquiterpenes which 
had originally been known by other designations, but which had 
been found to be identical with it. 

In addition to its occurrence in Bisabol myrrh oil, it has 
been found in Siberian pine-needle oil, in the oil of Piper 
Vo I ken si i, in camphor oil and in the oils of limette, lemon, 
bergamot and opopanax. 

hor the hydrocarbon fractionated from lemon oil, Gildemcistcr 
and Miillcr M ) aspertained the following constants: 

B. p. 110 to 112 (4 mm.); d„ 0,8813; «„-41 31'; n lw 
1,49015. for the inactive sesquiterpene regenerated from the tri- 
chlorhydrate by means of sodium acetate and glacial acetic acid, 
they ascertained the following constants: 

B. p. 261 to 262 (751 mm.); «„ • 0 ; d Ki 0,8759; n utf 1,4901. 

With hydrogen chloride, bisabolcne yields a trichlorhydrate, 
C lft H. J j3HCl, which melts at 79 to 80 and which, according to 
Tucholka is optically active ([«]„ ( or -?) 35 17' in chloroform 

') Report of Schimmel ft Co. October lsttO, 23. 

J ) Arch, der Ph.tr m. (1897), 292. 

T Wa/ladi-Festschrift, Gottinjjen 1909, p. 448; Report of Schimmel ft Co. 
October 11HHI, 84. 
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solution), but which, according to Gildemeister and Muller, is 
inactive. Neither a solid nitrosochloride, nor a nitrosite, nor a 
nitrosate could be obtained from bisabolene. It adds 6 atoms 
of bromine. Whether the hexabromide, obtained by Schmidt and 
Weilinger 1 ) from the oil of Piper Volkensii, and melting at 154° 
is a derivative of bisabolene remains to be proven. 

For the characterization of bisabolene, the trichlorhydratc, 
obtained by passing gaseous hydrogen chloride into an ethereal 
solution of the sesquiterpene, is especially suited. Upon evapo- 
ration of the ether, it separates in handsome crystals, which can 
be further purified by recrystallization from alcohol. 


Zingiberene. 

This sesquiterpene, first found by Tresh -) in ginger oil, was later 
examined by v. Sodcn and Rojahn, 11 ) also by Schreiner and Kremcrs. 4 ) 
The last mentioned investigators ascertained the following constants : 

B. p. abt. 270° (with decomposition), 160 to 161' (32 mm.); 
d, r 0,8731; [«]„- 73,38 ; n„ 1,49399. 

The nitrosochloride melts at 96 to 97 ’, the nitrosite at 97 
to 98 , the nitrosate at 86 to 88' and the dihydrochloridc at 168 
to 169 r . For the characterization of this hydrocarbon its di- 
hydrochloride can be prepared by passing hydrogen chloride 
into its solution in glacial acetic acid. After standing for two 
days, it crystallizes out in fine needles. The nitrosate also can 
be used for its identification since, according to Schreiner and 
Kremers, the yield obtained almost equals the theoretical yield. 

Bicyclic Sesquiterpenes. 

Cadinene. 

The best known representative of this subgroup as of the 
group of the sesquiterpenes in general is the cadinene, which is 
widely distributed and which occurs in both optical modifications. 

*) Berl. Berichte 39 (1906), 652. 

a ) Pharmaceutical Joum. III. 12 (1882), 243. 

:i ) Pharm. Ztg. 4o (1900), 414. 

4 ) Pharmaceutical Archives 4 (1901), 63; Chem. Zentralbl. 1901, II. 1226. 
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(/-Cadinene has thus far been found in the oil of the Atlas 
cedar, and probably also in West Indian sandalwood oil. 

/-Cadinene has been found in cade oil, from which it derives 
its name, and in the oils of cypress, cubebs, paracoto bark, 
angostura bark and cedrclla wood. 

In most of the references on the occurrence of cadinene, 
the direction of the rotation is not mentioned, thus in German 
and Swedish oils from Pin us syhvstris, the oils from Pin us 
Montana, of Picea v see Isa, juniper berries, savin, cedar leaves, 
cedar wood, lemongrass, pepper, betel, ylang-ylang, camphor, 
Atnorpha fruticosa, frankincense, African copaiba balsam (see 
below!), asafetida, galbammi, American peppermint, patchouli, 
wormwood and goldenrod. 

Cadinene can be obtained in a relatively pure condition 
since it yields a well crystallized dihydrochloride from which 
it can be regenerated, like the terpencs, by heating with aniline 
or with sodium acetate in glacial acetic acid solution.') For 
the hydrocarbon thus regenerated, Wallach found the following 
constants: 

B. p. 272 (uncorr.)*), 274 to 275 ; d. 1(l 0,918; [«]„ — 98,56' ; 
n„ 1,50647.*) 

Schimmel § Co. found: 

B. p. 271 to 273 ; dj. 0, 9215; H,-1Q5‘ 305 

The optical rotation varies considerably. In a number of 
instances where the natural sesquiterpene has been pronounced 
an active modification of cadinene, it has not been definitely 
established whether the hydrocarbon is really identical with 
cadinene, or whether it has been converted into a cadinene 
derivative by the action of hydrogen chloride. This is true e. g. 
of the sesquiterpenes in West Indian sandalwood oil and African 
copaiba balsam. It is at least noteworthy that a derivative of 
/-cadinene should have been obtained from these dextrogyrate 
oils, whereas the dextrogyrate hydrocarbon from Atlas cedar oil 
yielded derivatives of (/-cadinene. 


') Wallach, Liebig’s Annalen SIS (1887), 84. 
*) tiebig’s Annalen -71 (1892), 303. 

Ibidem 252 (1880), 150; 271 (1802), 207. 
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When exposed to air, cadinene resinifies very readily with 
the formation of a polymerization product. When heated for a 
long time with dilute sulphuric acid, cadinene is altered, whereas 
the action of hydrohalogen appears to produce no essential 
change since the optical activity remains unaltered. Prolonged 
heating to 200" likewise changes cadinene. An isomeric hydro- 
carbon is thus produced with the following properties: b. p. 145 
to 148 (20 mm); d* 0,9061; [«],,- 2,8 O’; n liw . 1,5041. l ) 

With nitrosyl chloride and nitrogen tetroxide, cadinene yields 
crystalline addition products. The nitrosochloridc, of which only 
a small yield is obtained, melts at 93 to 94'; the nitrosatc, which 
affords a better yield, melts at 105 to 110 . 

Especially characteristic are the crystalline addition products 
obtained with two molecules of hydrohalogcn, of which the dichlor- 
and the dibromhydrate are used for identification. 

For the purpose of preparing the dichlorhydratc, fractions 
260 to 280' are diluted with twice their volume of ether, well 
cooled and saturated with hydrogen chloride. After prolonged 
standing, the ether is in part distilled off, in part allowed to 
evaporate spontaneously. The crystals of dichlorhydratc thus 
obtained arc dried on porous plate, washed with alcohol to remove 
oily impurities and recrystallized from acetic ether in which they 
can readily be dissolved with the aid of heat. The pure compound 
melts at 117 to 118 . It is optically active, [«]„ — 37 2T in a 
5 p. c. chloroform solution. 

The dichlorhydratc can also be prepared with the aid of 
glacial acetic acid that has been saturated with hydrogen chloride. 
This modification is especially adapted to the preparation of the 
dibromhydrate (m. p. 124 to 125 ) and the diiodhydratc (m. p. 105 
to 1 06 '). The glacial acetic acid solution of the hydrohalogen 
is added to the glacial acetic acid solution of the hydrocarbon. 

Caryophyl/ene. 

A second well characterized hydrocarbon, which belongs to 
the bicyclic group of sesquiterpenes, is the caryophyllene. however, 
it is not as common as cadinene. Up to the present time it has 

‘) Lepeschkin, Journ. russ. phys. chem. Ges. 40 (1908), 698. According 
to Chem. Zentralbl. 190S, ||. 1354. 
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been found in appreciable amounts in the oil of cloves and the oil of 
clove stems, also in copaiba balsam oil. Furthermore, it has been 
found in the oils of pepper, betel, Ceylon cinnamon, Seychelles 
cinnamon (?), cinnamon root, canella alba, pimenta and lavender. 

Up to the present time, caryophyllene has not been prepared 
in a pure state. The physical constants recorded refer to fractions 
of clove oil or of oil of clove stems that were not perfectly pure. 
Caryophyllene obtained by distillation only from oil of cloves 
mostly contains some accteugenol ') from which it can be freed 
by saponification with alcoholic potassa. The sesquiterpene from 
oil of clove stems does not contain this impurity. 

For the caryophyllene from oil of cloves 

Wallach*) found: B. p. 258 to 260' ; d lf , 0,9085; n„ 1,50094. 
Erdmann 51 ) found: B. p. 1 19 to 120 (9 mm.), 123 to 124" (13 mm.), 
258 to 259 (752 mm.); d,„. 0,9038. 

Krcmers') found: d.,„ 0,9032; -8,74 ; n„, 0 J, 50019. 

For the caryophyllene from Ceylon cinnamon oil, Walbaum 
and Huthig*') found: B. p. 200 to 261'; d JiV 0,9047; « u — 7 P 20'. 

More recent investigations by Deusscn and his colaborers *’) 
would seem to indicate that the fractions of clove stem oil 
designated caryophyllene consist of at least two isomers, an 
optically inactive ^-caryophyllene, and an active ^-caryophyllene, 
both of which have been characterized by derivatives. 

According to Schreiner and Krcmers 7 ) a dichlorhydratc, 
crystallizing in needles and melting at 69 to 70", results from 
the action of hydrogen chloride upon the caryophyllene-containing 
fractions of oil of cloves. From the crude caryophyllene of clove 
stem oil, Schimincl $ Co. obtained an active chloride of like 
melting point. Other investigators obtained from caryophyllene- 
containing fractions of various oils cither liquid chlorides, or 
chlorides of a different melting point. 

') L Erdmann, Jotirn. f. prakt. Chem. II. (18^7), 146. 

-’) Liebig's Annalen 271 (1892), 298. 

il ) |ourn. f. prakt. Chem. II. .»♦» (1897), 146. 

') Pharmaceutical Archives 1 (1898), 211. 

') joum. f. prakt. Chem. II. 06 (1902), 54. 

ri ) Liebig’s Annalen SM» (1907), I; SMI (1908), 245; W (1909), 41. 

: ) Pharmaceutical Archives 2 (1899), 296; Proceed. Americ. Pharm. Ass. 
47 (1899), 158. 
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By the action of nitrosyl chloride on caryophyllene from clove 
stem oil, there results a nitrosochloride melting at about 160 \ 
Upon fractional crystallization, however, it can be resolved into 
two compounds: an inactive (^-caryophyllene nitrosochloride (m. p. 
177 ) and an active //-caryophyllene nitrosochloride (m. p. 159 ). 
Corresponding with these nitrosochlorides there are an (f-nitrol- 
benzylamine base melting at 126 to 128 and a ./-nitrolamine 
base melting at 172 to 173 '. Both of these can also be obtained 
from the mixture of nitrosochlorides. By splitting off hydrogen 
chloride the nitrosochlorides yields the corresponding nitroso- 
carvophvllencs, of which the reform melts at 116^, the /-form 
at 120 to 121 . 

With nitrous acid anhydride, caryophyllene forms an optically 
active nitrosite, which crystallizes in blue needles, melts at 115', 
and is readily changed to other compounds by the action of 
solvents. There is also known an active caryophyllene nitrosatc, 
which can be obtained by the action of amylnitrite and nitric 
acid on caryophyllene or by the oxidation of the blue nitrosite with 
chromic acid. It melts at 130,5 . Nitrosatcs of caryophyllene with 
different melting points are presumably derived from the "-form. 

Upon oxidation with permanganate there results, according 
to Deusscn 1 ) and Haarmann-), in addition to a glycol C^bLO, 
(m. p. 120"), a ketoacid (scmicarbazonc melts at 186 ), 

a monobasic acid C s H s 0 4 (m. p. 179,5 to 180,5 ), and a neutral 
substance C 10 H ls O., (m. p. 145 to 146 rt ). The liquid acids which 
result in this oxidation yield dimethyl succinic acid upon further 
oxidation. 

When acted upon with glacial acetic acid-sulphuric acid 
mixture, caryophyllene yields a hydrate C ir ,H, rt O, caryophyllene 
alcohol, melting at 94 to 96°. This alcohol, the phenyl urethane 
of which melts at 136 to 137', is optically inactive. 

It is noteworthy that upon the dehydration of caryophyllene 
alcohol caryophyllene is not regenerated, but that an isomeric 
tricyclic hydrocarbon C,.H, 4 , the clovene results. This differs 
materially in its properties from caryophyllene, but has not yet 
been found in volatile oils. 

>) Liebig’s Annalen m (1908), 258; (1909), 52; Bert. Berichte 42 

(1909), 376, 680. 

2 ) BerJ. Berichte 42 (1909), 1062. 
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When attempting to identify caryophyllenc, it should be 
remembered that the nitrosochloride and the nitrosate are derived 
from a different hydrocarbon than the blue nitrosite. 1 ) Hence 
the precaution should be taken to prepare the nitrosite as well 
as the nitrosochloride or nitrosate. 

Tor the preparation of the nitrosochloride, 5 ccm. of alcoholic 
hydrogen chloride are added to a well cooled mixture of 5 ccm. 
caryophyllenc, 5 ccm. acetic ether, 5 ccm. alcohol and 5 ccm. ethyl 
nitrite. Under the influence of sunlight the nitrosochloride soon 
separates. 

For the preparation of the nitrosite, 5 ccm. of glacial 
acetic acid are cautiously added to a mixture of 5 ccm. caryo- 
phyllenc, 12 ccm. petroleum ether and 5 ccm. of a saturated 
solution of sodium nitrite. In the cold the nitrosite crystal- 
lizes out. 

For the preparation of the nitrosate, a solution of 5 ccm. 
of concentrated nitric acid in 5 ccm. glacial acetic acid are 
cautiously added to a well cooled mixture of 5 ccm. caryo- 
phyllenc, 5 ccm. glacial acetic acid and 5 ccm. ethyl nitrite. 
Finally alcohol is added and after 2 hours the nitrosate 
separates out. 

Quite convenient is the preparation of caryophyllenc alcohol.-) 
25 g. of the hydrocarbon are dissolved in a mixture of 1000 g. 
glacial acetic acid, 25 g. concentrated sulphuric acid and 40 g. 
water. After prolonged heating of the mixture, the more readily 
volatile products arc removed by distillation with steam, after 
which the pure alcohol is obtained by continued distillation. 

Sclincnc . 

While investigating the highest boiling fractions of celery 
seed oil, Ciamician and Silber) found a sesquiterpene which, 
however, they did not further characterize. When this ses- 
quiterpene was later on examined in the laboratory of Schim- 
mel $ Co. it was ascertained that it was not identical with any 
of the known sesquiterpenes and was named selinene. 

') Deussen, Liebig’s Annalen :i5C (1907), f; 859 (1908), 245. 

') Wallach, Liebig's Annalen 271 (1892), 288. 

J ) Berl. Berichte 8» (1897), 492, 501. 
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Selinene constitutes about 20° « of celery seed oil and can 
be obtained from fraction 265 to 273 . After repeated fractionation 
over sodium, it possessed the following properties: 

B.p. 120 to 121 (6 mm.); d 17ft 0,9197; «„ h 35 11'; n 1)<ir 
1,49863. 

Regenerated from its dichlorhydratc, it possessed the fol- 
lowing properties: 

B. p. 268 to 272 '; d„ 0,9232; d, t , 0,9196; er n -|- 49 30'; n lw 
1,50483; mol. refr. 65,82, corresponding to C ls H, 4 66,15. 

The dichlorhydratc referred to is obtained by passing gaseous 
hydrogen chloride into an etheral solution of the sesquiterpene. 
It crystallizes in fine needles, which when pure melt at 72 to 74' ; 
[(']„ i 18 (in 4,07" <> chloroform solution). Selinene dichlorhydratc 
differs from the caryophyllenc dichlorhydratc though both have 
simular melting points. Upon splitting off hydrogen chloride, 
selinene is regenerated, whereas caryophyllenc dichlorhydratc, 
when submitted to like treatment, yields a new hydrocarbon. 

With nitrosylchloride or oxides of nitrogen, no solid derivatives 
could be obtained. 

judging from its molecular refraction, selinene belongs to 
the bicyclic group of sesquiterpenes. 

Humulene. 

This sesquiterpene, which was first discovered by Piccard, 
and which up to the present time has been found only in oil 
of hops and oil of poplar buds, closely resembles caryophyllcne. 
Thus far the attempts to regenerate humulene from one of its 
derivatives have not been successful. Hence the constants had 
to be ascertained in connection with more or less pure fractions. 
Chapman, 1 ) who has devoted much study to the characterization 
of this sesquiterpene, records the following: 

B. p. 263 to 266 (760 mm.); d„, 0,9001; ^-0,5 ; n D 1,5021. 

The hydrocarbon obtained from poplar bud oil was slightly 
dextrogyrate. It is probable, however, that humulene itself is 
optically inactive and that the slight rotation was due to impurities. 


*) )ourn. chem. Soc. <»7 (1895), 54. 
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Hydrogen chloride, when added, yields a liquid dihydrochloride, 
bromine an oily tetrabromide. Upon hydration an alcohol results. 
Nitrosyl chloride is added with the formation of a nitrosochloride 
melting at 164 to 165' , respectively at 164 to 170 '. The nitrolbenzyl- 
amine base melts at 136 , respectively at 132 to 133°; the nitrol- 
pipcridinc base at 153 . Nitrous acid is added with the formation 
of a nitrosite melting at 120 to 121”, and of an /sonitrosite melting 
at 166 to 168°. Both of these, when treated with sodium ethylate, 
yield nitroso- or /sonitrosohumulcne, b. p. 185 to 195° (13 mm). 
The nitrosatc, m. p. 162 to 163 , is also known. Humulene can 
be identified by means of its nitrosochloride in the usual manner. 

Santalcnc. 

In addition to the two santalols, East Indian sandalwood oil 
contains two sesquiterpenes, u- and , /-santalcnc, so named by 
Gucrbet. 1 ) 

«-Santalene shows the following properties: 

B. p. 252 to 252,5 (uncorr.), 253 to 254 (corr.); d„, 0,9134; 

—13,98 (Guerbet). 

B.p. 118 to 120 (9 mm.); d,„ 0,8984; 15 ; n„ 1,491 

Semmler. 2 ) 

//-Santalcne shows the following properties: 

B. p. 261 to 262 (uncorr.), 263 to 264 (corr.); d 0 0,9139; 
rf,,— 28,55 (Gucrbet). 

B.p. 125 to 127 (9mm.) ; d,„ 0,892; «„-35 ; n„ 1,4932 
(Semmler). 

According to Semmler, «-santalene is to be regarded as a 
tricyclic sesquiterpene with one double bond, ,/-santalene as di- 
cyclic with two double bonds. 

<r-Santalenc combines with hydrochloric acid to a liquid 
hydrochloride. With nitrosylchloride a nitrosochloride, m. p. 122°, 
results, the nitrolpiperidine base of which melts at 108 to 109°. 
When oxidized with ozone, Semmler obtained the bicyclic eksan- 
talal (b. p. 1 12 to 1 16 (9 mm.); d,„ 1,00; + abt. 4"; n p 1,4872) 

which likewise results upon oxidation of «-santalol. 

>) Compt rend, ISO (1000), 417, 1324; Bull. Soc. chim. 111. 23 (1000), 
217 and 540. 

*) Berl. Berichte 40 (1907), 3321. 
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^-Santalene adds two molecules of hydrogenchloridc with the 
formation of a liquid dihy drochloridc. l ) The nitrosochloridc exists 
in two isomeric forms, which melt at 152 and 106 respectively, 
and to which two nitrolpiperidine bases (m. p, 101 and 104 to 
105" respectively) correspond. When oxidized with ozone a di- 
cyclic aldehyde results. 

Hence the two santalenes appear to stand in genetic relation- 
ship to the two santalols. The two santalenes can be identified 
by means of their nitrosochloridcs and by their oxidation products 
with ozone. 

/sosantalenes. The hydrocarbons resulting upon dehydration 
of the santalols are, however, different from the santalenes. Prom 
the crude santalol Chapoteaut’) obtained two hydrocarbons, one 
C Kl li,,, b. p. 260 and another C 1; ,H W , b. p. 245 r . The hydro- 
carbons obtained from the two santalols, Gucrbct*) named /so- 
santalenes and recorded the following properties: 

ff-/sosantalenc: b. p. 255 to 256 ; «„ j 0,2 . 

( /-/sosantalcnc: b. p. 259 to 260 ; «„ j 6,1 . 

It is doubtful whether these two hydrocarbons arc ses- 
quiterpenes. 

Of the lesser known sesquiterpenes the following may here 
be mentioned: 

Atracty/cnc. 

This sesquiterpene, which has not yet been found in volatile 
oils, was obtained by Gadamer and Amenomiya 1 ) by the action 
of dehydrating agents on atractylol, a sesquiterpene alcohol. 

B. p. 125 to 126 (10 mm.); d„. 0,9154; n Mt , 1,50893. 

The liquid dihydrochloride, prepared from atractylol, when heated 
with aniline yields a hydrocarbon which differs from atractylene. 

Caparrapcne. 

Caparrapene is a sesquiterpene which has been obtained by 
Tapia'*) by the action of dehydrating agents on caparrapiol, a 

‘) von Soden and Muller, Pharm. Ztg. 44 (1899), 259. 

-*) Bull. Soc. chim. II. 37 (1882), 303. 

3 ) Ibidem III. 2* (1900), 543. 

*) Arch, der Pharm. 241 (1903), 33. 

'■) Bull. Soc. chim. III. ID (1898), 638. 
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sesquiterpene alcohol occurring in the volatile oil from caparrapi- 
balsam. The hydrocarbon is a colorless liquid which is readily 
colored yellow when exposed to light. The following constants 
are recorded: 

Kp. 240 to 250 ; d l(l 0,9019; [«] n -2,21 ; n 1,4953. 

When hydrogen chloride is passed into the glacial acetic 
acid solution of the sesquiterpene, an active dihydrochloride 
results melting at 83 . 


Guajvnc. 

Upon dehydrating guajol, a new sesquiterpene alcohol isolated 
by Schimmel Q Co.') from guajac wood oil, with zinc chloride, 
Wallach and Tuttle ‘) obtained a new sesquiterpene the properties 
of which did not correspond with those of any of the known ones. 

li. p. 124 to 128 (13 mm.); d.,„ 0,910; n„ 1,50144. 

f or the sesquiterpene prepared from guajol according to 
Tchugaeff’s xanthogenate method, A. Ciandurin :l ) records the fol- 
lowing properties: 

li. p. 124 (11 mm.); d'J 0,9133; d*;’ 0,8954; [«]„,, -66,11 ; 
n |l4 . 1,49468; mol. refr. 66,46. 

Giiajenc obtained by heating guajol with potassium acid 
sulphate possesses, accoiding to Gadamer and Amenomiya*) the 
following properties: 

li. p. 123 to 124 (9 mm.); d” 4 ' 0,9085; [«]„ — 40,35; 
n„.,„ 1,50049; mol. refr. 66,2. 

Hence, guajene appears to belong to the bicyclic sesquiter- 
penes. Crystalline derivatives are not known. 


Sesquiterpene from Cade Oil . 

According to Troger and Feldmann/ 1 ) oil of cade contains, 
in addition to cadinene, a second, inactive sesquiterpene boiling 
between 250 to 260 . When treating oil of cade with hydrogen 

') Report of Schimmel ft Co. April ls#2, 56; April lNJtt, 42. 

-) Liebig’s Annalen 27W (1844), 396. 

• l ) Bert. Berichte 41 (1908), 4363. 

4 ) Arch, der Pharrn. 241 (1903), 43. 

') Arch, der Pharm. 23« (1898), 692. 
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chloride, N. Lepeschkin l ) obtained in addition to cadinenedihydro- 
chloride, a liquid chloride. For the sesquiterpene regenerated from 
this liquid chloride, he records the following properties: 

B. p. 262 to 266 (760mm.); 135 to 140 (20mm.); d*" 0,9204; 
n„, (l 1,5159. 

Crystalline derivatives could not be obtained. Upon heating 
with hydrogen iodide to 200 , Lepeschkin obtained a hydrocarbon 
(b. p. 250 to 258 ; d-^ 0,8946; n llsu 1,4972) which he supposes 
may be identical with humulene. However, according to Schindcl- 
mciscr,*) it is a mixture of tetrahydrocadincnc, cadincne and a 
new, optically inactive sesquiterpene. Schindelmeiser is further 
of the opinion that the sesquiterpene of Lepeschkin still contains 
cadinenc. For the pure sesquiterpene he records the following 
constants: 

B. p. 263 to 265 ; d.,„ 0,908; • 0 ; n l( 1,5006. 

None of these investigators, however, succeeded in charac- 
terizing this new sesquiterpene. 


Sesquiterpene from Minjak-bigunhBalsam Oil. 

According to Haussner') the oil of Lagam balsam, which is 
closely related to gurjun balsam, consists almost exclusively 
of sesquiterpenes: 

li.p. 249 to 251 ; d,, 0,923; 9,9 . 

The sesquiterpene is a light colored oil which resinifics 
quickly when exposed to the air. With hydrogen chloride it 
yields a chloride C Kl H, ( -3HCI, which crystallizes in long needles 
and which melts at 114 . 

The formation of a trichlorhydride from a sesquiterpene 
with a density of 0,923 is somewhat strange. Aside from this, 
the properties of the sesquiterpene as well as those of its chloride 
would seem to indicate cadinene. 

‘) Journ. russ. phys. chem. Ges. 40 (1008), 126. According to Chem. 
Zentralbl. HMW, I. 2040. 

-) Journ. russ. phys. chem. Ges. 40 (1908), 181. According to Chem. 
Zentralbl. 1#0K, II. 598 

!i ) Arch, der Pharm. 221 (1883), 245. 
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Sesquiterpene from the Oil 
of the Bark of Ocotea usambarensis. 

According to Schmidt and Weilinger,') the sesquiterpene 
from this oil has the following properties: 

11. p. 136 to 142 (12 mm.); d.,,, 0,915; -f 7 46'; n„ 1,505. 

When acted upon with hydrogen chloride, a dihydrochloride 
(m. p. 116 to 117 ) results which is not identical with cadinene 
dihydrochloride. 


Tricyclic Sesquiterpenes. 

Cedrenc. 

The term cedrenc was originally applied to a sesquiterpene 
obtained by the dehydration of cedrol. 4 ) Upon finding a similar 
sesquiterpene in oil of cedar, this likewise was designated cedrene. 
In as much as the identity of these two hydrocarbons has not 
been proven conclusively, it is best to treat them separately. 

The constants of the natural cedrene arc recorded as follows:") 

II. p. 124 to 126 (12 mm.); d„ 0,9354; ; n„ 1,50233. 

Matural cedrene has been examined by a number of investi- 
gators, more recently particularly by Semmler and Hoffmann. 4 ) 
Upon oxidation with chromic acid in glacial acetic acid solution, 
cedrone, C ia h al O, results, which boils at 148 to 151 (11 mm.) 
and upon reduction is converted into /soccdrol (b. p. 148 to 151 
at 9 mm.). Upon oxidation with permanganate in acetone solution, 
cedrene yields a glycol, C, ;i h. Ni O.,, m. p. 160 ; a diketone or a 
ketoaldehydc C lft h.,,0.,, the semicarbazonc of which melts at 234 ; 
and a cedrene keto acid, the semicarbazonc of which 

melts at 245 , the oxime between 180 to 190 . 

When oxidized with ozone, cedrene yielded essentially the 
same products. For its identification, the oxidation with per- 
manganate is resorted to. 

') Bert. Berichte 80 (1 W, 752. 

'*) Walter, Liebig's Annalen 30 (18411, 247. 

8 ) The constants of the artificial cedrene are recorded in the table of 
the artificially prepared sesquiterpenes on p. 346. 

*) Berl. Berichte 40 (1007), 3521. 



Hydrocarbons. 


341 


Clovene. 

Upon dehydration with zinc chloride or phosphorus pent- 
oxide of the caryophyllene alcohol, obtained by hydration of the 
the hydrocarbon, Wallach l ) secured the clovene, a sesquiterpene 
thus far not found in volatile oils. 

B. p. 261 to 263 ; d ls , 0,930; n„ JS 1,50066; mol. refr. 64,77. 

Upon hydration, clovene is not again converted into caryo- 
phyllenc hydrate. For its identification a comparison of the 
physical constants has to be resorted to. By the action of 
para formaldehyde on clovene, Genvrcsse 2 ) obtained an alcohol 
C i: , H.,,CH,OH, m.p. 170 (12 mm.); d 0 1,001; *f„ — 7 l, 40 # (in 
a 6,03 p. c. chloroform solution); n„ 1,508. This ought to be 
suited to the identification of the hydrocarbon. 

Hccrabolcnc. 

A sesquiterpene, probably tricyclic, has been found in Mccr- 
abol myrrh oil by O. v. Friedrichs 3 ) and designated hcerabolcnc 
by him. 

B. p. 130 to 136 (16mm.); d, l( 0,943; «„ 1 4 12'; n IW0 . 1,5125; 
mol. refr. 64,98. 

Neither a characteristic bromide, nor a solid nitrosochloridc 
or nitrosate could be obtained. With hydrogen chloride, however, 
a dihydrochloride melting at 98 to 99 resulted. As is the case 
with the sesquiterpene of galangal oil, the hydrogen chloride 
appears to have caused the cleavage of a cycle. 


Hcvecnc. 

This sesquiterpene is obtained, together with isoprenc and 
dipentcnc, upon the destructive distillation of caoutchouc or 
gutta percha. 4 ) Thus, 5 ko. of para caoutchouc ’) yield about 

') Liebig’s Annalen 271 (1892), 292. 

-) Compt. rend. 13* (1904), 1228. 

a ) Arch, der Pharm. 247> (1907), 208. 

*) Williams, Jahresber. d. Chem. 1MH), 495; comp, also lieilstein, Hand- 
buch d. org. Chan. 3 rd ed., vol. 3, p. 538. 

*) G. Bouchardat, Bull. Soc. chim. II. 24 (1875), 108. Comp, also 
A. Bouchardat, Liebig’s Annalen 27 (1838), 30; Himly, ibidem 27 (1838), 40. 
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250 g. isoprcnc, 2000 g. dipcntcne and 600 g. hevccne. 1 ) To a 
smaller extent polytcrpencs also arc formed. Houchardat records 
255 to 265 as boiling temperature. With hydrogen chloride a readily 
dccomposible monhydrochloride C 1; ,H. M HC1 is stated to be formed. 

In the tables which follow, those sesquiterpenes are mentioned 
which have been found in volatile oils and of which some of the 
physical constants are known and which do not appear to be 
identical with known, well characterized sesquiterpenes. 


Sesquiterpene from 

B. p. 

d 


n u Remarks 

Agcratutn oil') 

200 


- 

- 

Angelica root oil ■) 

240 to 270 



- 

Angostura bark oil*) 
(Ciahpene) 

255 to 200 

0,912 
(19 ) 

+ 0 

Willi hydrogen chloride, 

i w»n ri ‘ jdl,y 

dccomposihlc liquid 
. pioducts are lormcd 

Oil from the leaves of 
Amnipha fnititosa') 

250 to 2b0 

0,91 h 
05 ) 

- 

1 50b5 9 prc ' >c " ce of CJdini:,,c 

’* ” 1 has also been pro\cn 

Oil from the rhizome 
of At aha nudteauhs 
(Araliene)") 

200 to 270 

0,9080 
(20 ) 

7 to 8 
(benzene 
solution) 

1,4993b 

Boldo leaf oil') 

2b5 to 275 

-- 

7 

- 

Calamus root oil”) 

255 to 258 

0,942 
(0 ) 
0,9323 
(20 ) 




*) The name he\eene was suggested by Houchardat from the name of the 
plant Hcvea auiarwnsis which yields the caoutchouc. 

-) van Romburgh, Report of Schimmel 8, Co. April IS#*, 53. 
n ) Ciamician and Silber, Berl. Berichte 29 (I89r>), 1811. 

‘) Beckurts and Trcegcr, Arch, der Pharm. 2311 (1898), 397. 

') Pavesi, fcstratto dull' Annuano della Sac. Chitnica di Milano 11 (1904), 3; 
fcstr.itto dai “ ftendiimti” del ft. hr. Lontb. di sc. e lett. (II.) 37 (1904), 487; Report 
of Schimmel 8i Co. October 1904, 9. 

") Alpers, Americ. )ourn. Pharm. 71 (1899), 370. 

*) Tardy, Journ. de Pharm. et Chim. VI. 19 (1904), 132. 

') Rurbatow, Liebig's Annalen 173 (1874), 4; comp. Schimmel's Bericht April 
1SS9, 7 and Apotheker Ztg. 21 (1900), 987. 
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Sesquiterpene from B. p. d « n 


n„ Remarks 


Oil of Carlina acau/is ') 139 to U1° 0,8733 
(Carlinene) ! (20 mm.) (22,8°) 


1,492 


Cascarilla oil’) 1 


178 to 181° 


(100 mm.) 0,911 
255 to 257° (20°) 
(760 mm.) 


Min 23,49° 


Cascarilla oil II 


185 to 190 n 

(100 mm.) 0,924 , , - 

; 260 to 205° (20°) *' 

1 (700 mm.) 


170 to 172° ■ 

Ceylon Citronella oil *), (16 mm.) 0,912 
(heavy sesquiterpene) 272 to 275 ' (15°) 
(760 mm.) 


Neither of those sesqui- 
terpenes yielded ,i solid 
hydrochloride, btomidc 
oi iiilrosile 


Ciyst.illine demutiscs 
were not obt, lined 


Comma resin oil*) 
(Conimene) 


264° 


Cryptomeria oil r ’> 
(Suginene) 


0,918 Md-10"34' 


t.idinme .ilsu is Imind hi 
the oil Siiitini-nr pimliiirn 
liquid iiilditnin imulintK ftltti 
i mill of liNdrolialocrn 


Cubeb oil") 262 to 263° laevogyrate 


1 lie Htuquilripeiic li.utinn 
tnnsists ihiclh nfutdinrnr 


Oil from Eucalyptus , 
hounastoma, 

also from several other 260 to 265° 
eucalyptus oils 1 ) 
(Aromadendrene) 


0,9249 

(19°) 


Fire weed oil”) 240 to 310° — 


Adds I mol lit hvdini;rii 
i him idi 


l ) Semmler, Chem. Ztg. 18 (1889), 1158. 

! ) Thoms, Apotheker Ztg. 14 (1899), 562; Fendler, Arch, der Pharm. 28M1900), 688. 
:l ) Schimmel’s Bericht October 1899, 19. 

’) Stenhouse and Groves, Liebig's Annalen 180 (1876), 25.3; journ. chem. Soc. 
(1876), 175. 

’) Kimura, Berichte d. deutsch. pharm. Ges. 19 (1909), 369. 

") Wallach, Liebig's Annalen 288 (1887), 18. 

; ) H. G. Smith, Journ. and Proceed. Royal Soc. of M. S. W. 85 (1901); Report 
of Schimmel 8| Co. April 1902, 41. 

H ) Beilstein and Wiegand, Berl. Berichte 15 (1882), 2854. 
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Sesquiterpene from 

B. p. d 

rt o n D Remarks 

Galangal oil 1 ) 

230 to 340° W 

o ...» nm W,th hydrogen chloride it 

2/ 12 1,4022 y It Ids* dihydrochlorlde mel- 

ting at 51° 

Gurjun balsam oil-) 
(Gurjunene) 

0,9207 

1 15 to 118" to 
(7 mm.) 0,9247 
(15°) 

55 1,50252 Crystalline dcnvatives 

lip to — 1 50 " (20° ) were not obtained. 

Hemp oil 1 ) 
(Cannabene) 

25b to 258° 

1 With hydrogen chloride 
Ml) 10,81° - a solid hydrochloride 

results. 

Hemp resin oil 4 ) 

258 to 2b0 °f;: 8 

(18") 

Mo 8,b f 

Kesso toot oil’) 

2b0 to 280° - 

1 A solid hydrochloride could 
not lx obtained. 

Laurel berry oil") 

abt. 250" ^ 
(15°) 

-7,227° 

Lavender oil 7 ) 

130 (15inin.) - 

.. 

Oil from I.vpto- 
spa mum / /im%; s ) 

0,9024 

(15) 

1,5052 

(lb°) 

Lignaloe oil"), Mexican 

150 to 140 
(10 mm ) 

; Adds four atoms of 
i bromine. 

Oil from Nardostndiys 
Jattunansi Ml ) 

250 ,0 254- 

(15 p ) 

! 


') Schindeltneiser, Chem. Ztg. 2(1 (1^02), 5a8. 

*) Unpublished observation made in the laboratory of Schimmel ft Co 

mtun ''"* 1 ™ 11 <,88,,t ,Q,; BerK “ 

) Wood, Spivey and tasterfield, lourn. cheni. Soc. (if) (18%), 51)9. 

*) Bertram and Gildeineister, Arch, der Pharm. 32s (1890), 48b. 

*) Bias, Liebig's Annalen 1*4 (18b5), 1. 

‘) Semmler and Tiemann, fieri. Berichte 25 (1892), 1187. 
s ) Baker and Smith, Journ, and Proceed. Royal Soc. of N. S. W 1WK»- Reoort 
of Schimmel ft Co. October llHMi, 4b. 

") Barbier and Bouveault, Compt. rend. 121 (1895), lb8. 

A v ;,^ ahi " a ' P harm ' Soc- of lapan UNIT, 355; Report of Schimmel S Co. 
uctohor l'Hii, b5. 
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Sesquiterpene from 

B.p. d 

«D 

n D 

Remarks 

Patchouli oil 1 ) 

i 





264 to 2b5° ! 




1. Sesquiterpene 

(760 mm.) ; 0,9335 
59 to 96° t (15°) 

— 58° 45' 




(3 to 4 mm.) 




II. Sesquiterpene 

273 to 274° 

! 05°) | 

+ 0° 45' 



Oil from Pittosporum 
undu latum-) 

,,, ; 0,410 1 

263 .0 274 j (t „ ( 

4 0" 

1,5030 

(20°) 


Sage oil' 1 ) 

264 to 270° °'®®; 

| 3° 14' 



Sandarach resin oil 1 ) 

260 to 280^* 


1 1,5215 

Mo crystalline derivative* 

; (.mild In- obtained with 
; hydrourn chloride, nilrniyl 
chloride and nitrogen oxide. 

Valerian oil') 

160 to 165° j _ | 
(50 mm.) i 1 

- 9,2° 

; 

1 

1 

Vetiver oil") (Vetivene) 

(740 mm.) ’ 

135° (12mm.) ] j 

| 18° 19’ 

. | 

I 

Adds 

4 atoms of bromine. 

Winters bark oil 1 ) 
(Winterene) 

260 to 270° 0,9344 
(265°) (13°); 

t 11,2° 

- 

The hydrochloride i* 
liquid. 

Oil of European 
Wormseed ") 

255 ° 0,9170 


- 

i 


') von Soden and Hojahn, Berl. Berichte 37 (1904), 3353. 

J ) Power and Tutin, Journ. chem, Soc. SB (1900), 1083. 

•') Sugiura and Muir, Pharmaceutical Journ. 111. 8 (1877), 191, 994; Journ. chem. 
Soc. 1877, II. 548; Journ. chem. Soc. 37 (1880), 678. 

*) Henry, Journ. chem. Soc. 73 (1901), 1149. 

s ) Oliviero, Compt. rend. 117 (1893), 1096; Bull. Soc. chim. III. 11 (1894), 150; 
13 (1895), 917. 

") Genvresse and Langlois, Compt. rend. 135 (1902), 1059. 

') Arata and Canzonari, Anales de la Sociedad Cientilka Argentina. According 
to Arch, der Pharm. 2*27 (1889), 813. 

K ) Report of Schimmel $ Co. October 1308, 69. 
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Of the artificially prepared sesquiterpenes that have not 


been identified with any of the 
following may be mentioned: 

well characterized ones, the 

Sesquiterpene 

B. p. d 


n„ Remarks 

Caryophyllene dichlor- 
hydrate of the m. p. 
69 to 70 J *) 

0,9191 

(20°) 

35,39° 

1,49801 

CedroP) (Cedar cam- 
phor resp. 
cypress camphor) 

263,5 to 264 ' 

(15 ) 

-85° 57' 

1 49798 ^ smal1 ^ c,cl ni,r0S0 ‘ 

‘ chloride, m.p,100tol02 , 

' was obtained 

Cubeb camphor 1 ) 



I Ins sesquiterpene is said 
to pnsM m* i onstants similar 
to r host ol the hvdroiarbon 
found ttitli t ailment- m oil 

Sesquiterpene alcohol 

from 

Eucalyptus Globulus 4 ) 

1. Sesquiterpene 

102 to 103" 

(6 mm.) 0,8956 
247 to 248" (|5’) 
(748 mm.) 

- 55‘ 48' 

1,49287 

(20”) 

II. Sesquiterpene 

265,5 to 266 r 0,9236 
(750 mm.) (15') 

' 58" 40' 

1.50602* 

(20°) ; 

(ionystylol '■) 

137 to 139” 0,9183 
(17 mm.) (17") 

• 40 

Mol. refi found W),7 

Ledum camphor") 
(Ledol) 

0,9349 
264' (0 > 

! (752 mm.) 0,9237 
(19 ') 

- 

- 1 

Maali alcohol 7 ) 

270,8 to 271" 0,9190 . 
(754 mm.) (15") 1 

4)1131,99° 

1,52252 Mo( f f oun(} tf ag. 
(20°) 

Patchouli alcohol") 

as to 25b" 

(15") 

36” 52' 

i 


') Schreiner and Kremers, The Sesquiterpenes, Milwaukee 1004, p. 108. 

Report of Schimmel ft Co. October 11M4, 24 and April 1S>10, 4b. 

') E. Schmidt, Berl. Berichte 10 (1877), 188. 

4 ) Report of Schimmel ft Co. April HMM, 52. 

'■) Eyken, Recueil dcs trav. chim. des P.-13. 2'» (100b), 44. According to Chem. 
Zentralbl. 1000, I. 842. 

°) Rizza, Journ. russ. phys. chem. Oes. Pis", 3I0 ; Berl. Berichte 20 (1887), Ref. 562. 
: ) Report of Schimmel ft Co. November 1008, 139. 

') Report of Schimmel ft Co. April 1004, 69. 
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Sesquiterpenes that have not yet been further charac- 
terized have been found in the volatile oil of Blumea balsam i- 
iera, in the oils of basilicum, cajeput, Abies alba, fennel, hem- 
lock needles, laurel leaves, wild thyme, and milfoil. 


ALCOHOLS. 


ALIPHATIC ALCOHOLS. 

Of the monatomic alcohols of the saturated or methane 
series but few representatives have thus far been found in volatile 
oils. In the free state they arc found but rarely and then only 
the lower homologucs; more commonly, however, combined with 
fatty acids. The occurrence of both free alcohol and free acid 
may in most instances be attributed to the saponification of 
esters during the process of distillation. If the material to be 
distilled contains carbohydrates, it may occur that the presence 
of free alcohols is due to fermentation previous to the distillation. 
Thus, c. g. ethyl alcohol has been observed in the distillate of 
rose petals that had been bulked for a short time only. 

The methods of preparation of these alcohols arc those 
commonly in vogue. In factory practice, volatile oils containing 
esters, particularly of the higher members, are used as first 
materials. Very serviceable is also the method of Bouvcault and 
Blanc, 1 ) according to which primary alcohols are obtained upon 
reduction of the esters of the respective acids by means of 
sodium and alcohol. 

With the increase in the number of carbon atoms, the pro- 
perties of the aliphatic alcohols undergo material change. Hence, 
so far as seemed necessary, attention is directed thereto. 

The individual alcohols can be identified by means of their 
constants, also by their oxidation products. As specially charac- 

*) G. I. P. 164294. Comp, also Compt. rend. MB (1903), 1676; M7 (1903), 60. 
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teristic derivatives, the phenylurethancs should be mentioned. 
These arc obtained by mixing equimolecular parts of phenyl iso- 
cyanatc and the alcohol in question. Upon standing of the mix- 
ture, the urethane separates in crystalline form. 

Methyl alcohol, CH,OH, occurs frequently among the 
products of distillation of plant material with water vapors. On 
account of its ready solubility in water it is frequently found in 
the aqueous distillate only, together with furfurol and diacctyl. 
It is assumed that these three substances result as decompo- 
sition products of the cellulose of the crude material during the 
process of distillation. Up to the present time, methyl alcohol 
has been found in the aqueous distillate of the oils of cypress, 
savin, vetiver, and orris, of the oils from the leaves of Indigofera 
galcgoidcs, the leaves from the Guatamala indigo plant, coca leaves, 
sappan leaves, also in the aqueous distillates from the Wcst-lndian 
sandalwood oil, tea oil, oil of cloves, oil of Eucalyptus amvgdalina, 
bay oil, pastinaca oil, garden chervil oil, the oils of Herac/eum 
Sphondylium, and ti. gigantcum, also of ageratum oil. In addition 
it has been found as myristic ester in orris oil, as benzoic 
ester in the oils of tuberose (?) and ylang-yiang, as cinnamic 
ester in the oil from the root of A/pinia ma/acccrisis and 
watara oil, as salicylic ester in the oil from tuberose pomade, 
birch bark oil, cananga oil, oil of rue, oil of cassie flowers, 
tea oil and wintergreen oil, as ester of methyl anthranilic acid 
in mandarin oil and as anthranilic ester in the oils of neroli 
and jasmin. 

Methyl alcohol can be identified by its boiling point 64 , its 
density 0,810 at 15 and chemically by its conversion into methyl 
iodide and neutral oxalate which melts at 54'. 

Ethyl alcohol \ C a H ft OH. As normal constituent of volatile 
oils, ethyl alcohol has been observed only in a few instances: 
thus in the first fraction of the oils of Indigofera and of the 
fruit of Morinda citri folia, also in the aqueous distillate of 
Eucalyptus amygdalina, of chevril oil, pastinaca, and Heracleum 
gigantcum. Its occurrence in the distillate of rose petals that 
have undergone fermentation has already been mentioned. As 
ester it occurs as butyrate in the oils of Heracleum Sphondylium 
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and H. giganteum, as caprinate in cognac oil, and as cinnamate 
in storax oil and kampferia oil. 

As one of the most common adulterants of volatile oils, 
alcohol plays an important role. 

It is identified by means of its constants (b. p. 78 ; d Kl 0,794) 
also by its conversion into either ethyl iodide or iodoform. 

w-Buty! alcohol , CH ;1 (CH,) l XH lJ OH ) occurs as ester in 
Roman chamomile oil. At 20' its density is 0,810 and it boils 
at 117'. Its phenyl urethane melts between 55 and 56 .-) 

CH, 

Iso butyl alcohol , CHCH..OH, is contained, accor- 

CH., 

ding to H. (i. Smith, in the aqueous distillate of Eucalyptus 
amygdalina. It boils at 108,4 ; sp. gr. 0,8005 at 18 . Its phenyl 
urethane melts at 80 .*) 

CH ;l 

\soamyl alcohol , CHCH,.CH 4 OH, occurs as such 

CH;J 

in the oils of Eucalyptus Globulus, E. amygdalina , in geranium 
oil from Reunion, 1 2 ) lavender oil and french peppermint oil. As 
ester it occurs in the oils of Eucalyptus Globulus, E. aggregata, 
in Roman chamomile oil and in cognac oil. 

It is readily recognized by its irritating odor, boiling point 131 , 
its phenyl urethane melting at 52 to 53 and by its oxidation to 
/Isovaleric aldehyde and /'sovalcrianic acid. 

!l 'Hexyl alcohol , CH,(CH l ,) l CH.,OH, occurs as ester in 
the oil of male fern and in the oils of Heracleum Sphondylium 
and H. giganteum. It boils at 157' and has a specific gravity 
of 0,8204 at 20 . Upon oxydation it yields capronic acid b. p. 205 \ 

Active bexvl alcohol (U-methyl ethyl propyl alcohol) 

C.,H 6 

chchxh 2 oh, 

CH,, 

occurs as ester of angelic acid in Roman chamomile oil. It is 

J ) Blaise, Bull. Soc. chim. III. 211 (1903), 327. 

*’) It has not been definitely established whether this is the common 
/soamyl alcohol or not. 
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dextrogyrate, [«)„ t 8,2 ; d, r> . 0,829 ; b. p. 154 . Chromic acid 
mixture oxidizes it to active capronic acid boiling between 196 
to 198 . 

Hcptyl alcohol. Of the heptyl alcohols, the methyl- n- 
ttm) I carbinol, q-j 

CHOH 

Ch,(CH,), 

has been found in oil of cloves by Masson.') He enumerates 
the following constants: b. p. 157 to 158 ; d„ 0,8344. Upon oxi- 
dation with chromic acid mixture it is converted into methyl-/7- 
amyl ketone, the semicarbazone ot which melts at 122 to 123 
and can be used for identification purposes. For this the pyro- 
uvic acid ester is likewise suited, the semicarbazone of which 
melts at 118 to 119. 

tl -Octyl alcohol, CH.(CH. 1 ) li CH.,OH, probably occurs in 
the free state in the oils of Heivideum Sphondvlium and H. gi- 
ganteum, in which it also occurs as acetate. As propionate (?) 
it has been found in pastinaca oil, as butyrate in male fern and 
pastinaca oils, as /sovalerate in male fern oil, as capronatc, 
caprinate and laurinate in the oil of H. Sphondvlium. 

It is identified by means of its constants (b. p. 196 to 197’; 
d,„ 0,8278), also by its oxidation to octylic aldehyde (the ,^-naphtho- 
cinchoninic acid of which melts at 234 ), or to caprylic acid 
(m. p. 16,5 and b. p. 232 to 234 ). 

n-A lonyl alcohol , CH ;t (CH.,) : CH. l OH, has been found as 
ester of caprylic acid in sweet orange oil. Under ordinary 
pressure it boils at 213,5 and has a rose-like odor somewhat 
resembling that of citroncllol. For the alcohol, purified through 
the phthalic ester, Stephan’) records the following properties: 

B. p. 98 to 101 (12 mm.); d„ 0,840; O’; n m , 1,43582. 

Monyl alcohol can be identified by means of its oxidation pro- 
ducts (nonyl aldehyde and pelargonic acid, m. p. 12,5 ), also by 
means of its phenylurethane which melts at 62 to 64 . 

*) Compt. rend. 149 (1900), P30. 

•’) Joum. f. prakt. Chem. II. <>’- (1900) 532. 
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As secondary nonyl alcohol, methvl-n-heptylcarbinol, 

CH, 

CHOH, 

CH,(CHJ, 

has been found by Power and Lees ‘) in an Algerian oil of rue, 
and by Masson-) in clove oil. Its properties are recorded as 
follows: 

B. p. 198 to 200 (765 mm.); d [J 0,8273; « n (50 mm.) - 3 44' 
(Power and Lees); b. p. 195 to 196 ; d„ 0,8399 (Masson). 

It can be identified by its oxidation product, mcthyl-/7-hcptyl- 
ketone and the scmicarbazone of the latter (m. p. 118 to 119 ). 
With pyrouvic acid it forms an ester which boils at 126 to 127' 
(16 mm.), and the scmicarbazone of which melts at 117 . 

Undecyl alcohol. A secondary undecyl alcohol, methyl- 
/7-nonyl-carbinol ^ 

Cl I OH, 

CH,(CH,) S 

has also been found in the Algerian oil of rue mentioned above. 
Lor the purified alcohol, Power and Lees record the following 
constants: 

B. p. 231 to 233 ; (25 mm.) - 1 18'. 

It is identified by means of its oxidation product, the mcthyl- 
//-nonyl ketone, the oxime of which melts at 46 , the semi- 
carbazone at 123 to 124 . 

Of unsaturated aliphatic alcohols the hexylene alcohol 
which occurs in the tea leaf oil, and the alcohol C K pro- 
bably an octylenc alcohol, which occurs in Gaultheria oil, may 
be mentioned as representatives of the lower members of the 
series. Of much greater interest, however, arc the terpene 
alcohols C 1(l H ts O, linalool, gcraniol, and nerol; furthermore, the 
unsaturated chain alcohol C lo H.,„0, citronellol. These occur as 
such and as esters in volatile oils of which they are important 
constituents because of their fragrance. 

’) Journ. chem. Soc. Ml (1902), 1592. 

-') Compt. rend. 149 (1909), 630. 
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dextrogyrate, [«)„ t 8,2 ; d, r> . 0,829 ; b. p. 154 . Chromic acid 
mixture oxidizes it to active capronic acid boiling between 196 
to 198 . 

Hcptyl alcohol. Of the heptyl alcohols, the methyl- n- 
ttm) I carbinol, q-j 

CHOH 

Ch,(CH,), 

has been found in oil of cloves by Masson.') He enumerates 
the following constants: b. p. 157 to 158 ; d„ 0,8344. Upon oxi- 
dation with chromic acid mixture it is converted into methyl-/7- 
amyl ketone, the semicarbazone ot which melts at 122 to 123 
and can be used for identification purposes. For this the pyro- 
uvic acid ester is likewise suited, the semicarbazone of which 
melts at 118 to 119. 

tl -Octyl alcohol, CH.(CH. 1 ) li CH.,OH, probably occurs in 
the free state in the oils of Heivideum Sphondvlium and H. gi- 
ganteum, in which it also occurs as acetate. As propionate (?) 
it has been found in pastinaca oil, as butyrate in male fern and 
pastinaca oils, as /sovalerate in male fern oil, as capronatc, 
caprinate and laurinate in the oil of H. Sphondvlium. 

It is identified by means of its constants (b. p. 196 to 197’; 
d,„ 0,8278), also by its oxidation to octylic aldehyde (the ,^-naphtho- 
cinchoninic acid of which melts at 234 ), or to caprylic acid 
(m. p. 16,5 and b. p. 232 to 234 ). 

n-A lonyl alcohol , CH ;t (CH.,) : CH. l OH, has been found as 
ester of caprylic acid in sweet orange oil. Under ordinary 
pressure it boils at 213,5 and has a rose-like odor somewhat 
resembling that of citroncllol. For the alcohol, purified through 
the phthalic ester, Stephan’) records the following properties: 

B. p. 98 to 101 (12 mm.); d„ 0,840; O’; n m , 1,43582. 

Monyl alcohol can be identified by means of its oxidation pro- 
ducts (nonyl aldehyde and pelargonic acid, m. p. 12,5 ), also by 
means of its phenylurethane which melts at 62 to 64 . 

*) Compt. rend. 149 (1900), P30. 

•’) Joum. f. prakt. Chem. II. <>’- (1900) 532. 
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fractionation of the oil which has previously been saponified. 
As a result, the constants recorded for linalool apply to pro- 
ducts thus obtained. If it is desired to free the alcohol from 
indifferent substances, such as the tcrpencs, it can be converted 
into the sodium salt of the acid phthalic ester according to 
Tiemann’s method 1 ) by allowing phthalic acid anhydride to act 
on sodium linalool. The sodium salt of this acid phthalic ester 
of linalool is soluble in water and can be saponified with alco- 
holic potassa. In as much as linalool is subject to changes 
when distilled from an alkaline solution with water vapor 1 *) - 
changes that arc indicated by a reduction in the optical rotation 
- the regenerated alcohol must be shaken out of the alcoholic- 
alkaline solution by means of ether. 

According to the nature of the crude material, also accor- 
ding to the method of preparation, products have been obtained 
that varied slightly in their properties. In judging the purity of 
a product the following data may be used for comparison. 

B. p. 197 to 199 , 85 to 87 (10 mm.); d„ 0,870 to 0,875; 
n„., r 1,4630 to 1,4690. :i ) 

B. p. 86 to 87 ' (14 mm.); d, 0 0,8622 (?); n„ 1,46108.') 

B. p. 198 to 199° (760 mm.), 88,3 to 89,5 (13 mm.); d liV 0,870; 

1,4668/*) 

In connection with technical products obtained in the lab- 
oratory of Schimmcl $ Co., the following constants have been 
observed: 

B. p. 197 to 199 , 69 to 71 (4 mm.); d 1(V 0,869 to 0,873; 

«i, — 3 ’ to —17 , resp. +9 to -f 13 ; n lw 1,462 to 1,464; 

soluble in 10 to 15 vols. of 50 p. c. alcohol, in 4 to 5 vols. of 

60 p. c. and 1 to 2 vols. of 70 p. c. alcohol. 

The angle of rotation is not fixed, the highest thus far 
observed is that for /-linalool from limette oil [«]„ — 20 77‘) for 

‘) Berl. Berichte 31 (1898), 837. 

*) These changes appear to be of a chemical nature and not due merely 
to inversion. The angle of rotation of /-linalool is not altered by boiling 
with potassium hydroxide. Charabot, Bull. Soc. chim. III. 21 (1899), 549. 

") Stephan, journ. f. prakt. Chem. II. .V* (1898), 110. 

4 ) Tiemann, Berl. Berichte 31 (1898), 834. 

ft ) Gildemeister, Arch, der Pharm. 233 (1895), 179. 
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J-linalool from sweet orange oil [«]„-}- 19 187) In most in- 
stances, and more particularly in specimens with a low angle of 
rotation, the products arc, no doubt, mixtures of both optical 
modifications, in which one or the other predominates. 

Artificially linalool can be obtained, though in the inactive 
modification only, when geraniol is heated with water to 200" in 
an autoclave; ’) or by the action of hydrogen chloride on geraniol 
and subsequent treatment of the linalyl chloride thus obtained 
with alcoholic potassa or silver nitrate. 1 ) As to its formation 
from gcranylphthalate of sodium see p. 361. 

As an unsaturated alcohol with two double bonds, linalool 
reveals additive capacity. It combines with bromine, also with 
hydrohalogen to compounds which, with the exception of linalyl 
chloride, 1 ) C ln H,-CI (b. p. 95 to 96 at 6 mm.), have been in- 
vestigated but little. 

The unsaturated tertiary character of the alcohol is revealed 
by its behaviour towards reagents. Whereas alkalies act on it 
but little in the cold, organic acids convert it cither into geraniol, 
nerol, or — in the presence of a little sulphuric acid into 
terpineol. Mineral acids change it to cyclic compounds, the 
change being accompanied either by the abstraction of water 
or the addition ol water. Thus, when shaken with a 5 p. c. 
sulphuric acid, terpin hydrate is formed;' 1 ) when heated with 
glacial acetic acid and acetic anhydride, there are formed geranyl 
acetate, the acetate ol the solid terpineol”) with an optical rotation 
opposite to that of the linalool used as starting point, also ncryl- 
acetate/) Formic acid at loom temperature (20 ) converts it into 
its own formate, also into the formate of the solid terpineol 
with opposite rotation. Howcum, when gently heated (60 to 70 ) 
formic acid dehydrates it, yielding the hydrocarbons dipcntcnc 
and terpinene.") 

') Stephan, Journ. f. prakt. Chcm. II. tt*2 (1900), 529. 

’-) Report of Sehimmel $ Co. April lMts, 27. 

ll ) Tieinann, Bert. Berichte 31 (1898), 852; Berichte von Roure-Bertrand 
l ils October 1 m, 27. 

4 ) Dupont and Labaune, Berichte von Roure-Bertrand Fils October BMW, 21. 

') Tiemann and Schmidt, Berl. Berichte 28 (1895), 2137. 

”) Stephan, journ. f. prakt. Chem. II. 5.8 (1898), 109. 

: ) Zeitschel, Berl. Berichte 33 (1906), 1780. 

") Bertram and Walbaum, journ. f. prakt. Chem. II. 45 (1892), 601. 
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fractionation of the oil which has previously been saponified. 
As a result, the constants recorded for linalool apply to pro- 
ducts thus obtained. If it is desired to free the alcohol from 
indifferent substances, such as the tcrpencs, it can be converted 
into the sodium salt of the acid phthalic ester according to 
Tiemann’s method 1 ) by allowing phthalic acid anhydride to act 
on sodium linalool. The sodium salt of this acid phthalic ester 
of linalool is soluble in water and can be saponified with alco- 
holic potassa. In as much as linalool is subject to changes 
when distilled from an alkaline solution with water vapor 1 *) - 
changes that arc indicated by a reduction in the optical rotation 
- the regenerated alcohol must be shaken out of the alcoholic- 
alkaline solution by means of ether. 

According to the nature of the crude material, also accor- 
ding to the method of preparation, products have been obtained 
that varied slightly in their properties. In judging the purity of 
a product the following data may be used for comparison. 

B. p. 197 to 199 , 85 to 87 (10 mm.); d„ 0,870 to 0,875; 
n„., r 1,4630 to 1,4690. :i ) 

B. p. 86 to 87 ' (14 mm.); d, 0 0,8622 (?); n„ 1,46108.') 

B. p. 198 to 199° (760 mm.), 88,3 to 89,5 (13 mm.); d liV 0,870; 

1,4668/*) 

In connection with technical products obtained in the lab- 
oratory of Schimmcl $ Co., the following constants have been 
observed: 

B. p. 197 to 199 , 69 to 71 (4 mm.); d 1(V 0,869 to 0,873; 

«i, — 3 ’ to —17 , resp. +9 to -f 13 ; n lw 1,462 to 1,464; 

soluble in 10 to 15 vols. of 50 p. c. alcohol, in 4 to 5 vols. of 

60 p. c. and 1 to 2 vols. of 70 p. c. alcohol. 

The angle of rotation is not fixed, the highest thus far 
observed is that for /-linalool from limette oil [«]„ — 20 77‘) for 

‘) Berl. Berichte 31 (1898), 837. 

*) These changes appear to be of a chemical nature and not due merely 
to inversion. The angle of rotation of /-linalool is not altered by boiling 
with potassium hydroxide. Charabot, Bull. Soc. chim. III. 21 (1899), 549. 

") Stephan, journ. f. prakt. Chem. II. .V* (1898), 110. 

4 ) Tiemann, Berl. Berichte 31 (1898), 834. 

ft ) Gildemeister, Arch, der Pharm. 233 (1895), 179. 
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derivative, or is treated with metallic sodium in alcoholic solution, 
or when it is heated to 220 to 230 with zinc dust. 1 ) The sodium 
derivative of linalool is readily soluble in an excess of linalool 
and can be utilized for preparing this alcohol in a pure state. 

When reducing linalool with nickel and hydrogen, Enklaar*) 
obtained, in addition to 2,6-dimcthyloctanc, 2,6-dimethyloctanol-6, 
CH a . CH(CH ;I ) (CH,),. C(Oh)(Cft) • CH.,- CH„ 
thus supporting the correctness of the formula of Tiemann and 
Scmmlcr given above. 

The esters of linalool, so far as those occurring in volatile 
oils are concerned, are liquids with a more or less strong and 
agreable odor, which cannot be distilled without decomposition 
under ordinary pressure. The synthetic preparation of these esters, 
however, i$ coupled with difficulties since linalool is rather sus- 
ceptible toward acids, hence, when linalool is boiled with acid 
anhydrides or when treated in accordance with the G.l. P.80711, 
the products which result consist in the main of esters of linalool, 
but also contain those of gcraniol and terpineol. 

Compounds suited to the identification of linalool are the 
phcnylurethanc, melting at 65 to 66 , and the ^-naphthylurethane 
melting at 53 '. For its further identification it can be oxidized to 
citral and this characterized by the citral- /-naphthocinchoninic acid 
discovered by Docbncr. If citronellal be present with citral, both are 
first separated by means of their acid sulphite addition products. 


or 


H.,C 

H,C 

H.,C 

H a C 


Geraniol. 

C • CH., • CH S ■ CH, • C : CH • CH..OH 
CH ;1 

C : CH • CH, ■ CH, • C : CH • CH..OH 
CH ;l 


Isomeric with linalool is geraniol C„,H 18 0 which is distin- 
guished from the former by its optical inactivity, higher boiling 


l ) Semmler, Berl. Berichte 27 (1894), 2520. 

’) Berl. Berichte 41 (1908), 2083; Recueil des trav. chim. des P.-B. 27 
(1908), 411; Chem. Zentralbl. 1SHW, II. 192b. 
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point and higher specific gravity. It is the 4, lemonol M of Barbier 
and Bouveault, the “rhodinol” of Erdmann and Huth and of Poleck. 
Both as such and as ester it is found rather frequently in volatile 
oils. It constitutes the bulk of paimarosa oil, of German and 
Turkish rose oils, and is found in appreciable quantities in the 
oils of geranium, citronella and lemongrass. It has further been 
found in the oils of gingergrass, Canada snakeroot, ylang-ylang, 
champaca flowers, nutmeg, sassafras leaves, laurel leaves, kuro- 
moji, tetranthera (?), cassie flowers (from Acacia Cawnia and 
A. Tarncsiana), neroli, petitgrain, coriander, Mexican and Cayenne 
lignaloe, of Darwinia fascicularis (?), Eucalyptus Nacarthuri , 
L. Staigcriana, Leptospcrmum Uversidgei, verbena, spike (?) and 
lavender. As acetate it occurs in the needle oil of Cal/itris 
glauca, the oils of paimarosa, lemongrass, sassafras leaves, kuro- 
moji, lemon, petitgrain, Eucalyptus Nacarthuri , E. Staigcriana, 
Lcptospermum Uvcrsidgci, Darwinia fascicularis arid lavender; 
as /sovalerianate in sassafras leaf oil; as //-capronate in pai- 
marosa and lavender oils; and as tiglinatc in geranium oil. 

As a primary alcohol, geraniol forms a crystalline addition 
product with calcium chloride, 1 ) which is insoluble in ether, ligroin, 
benzene and chloroform, and which is resolved into its com- 
ponents by water. By this extremely simple method, geraniol 
can be obtained chemically pure (see below). With magnesium 
chloride, calcium nitrate and magnesium nitrate, crystalline deri- 
vatives arc likewise formed.*) 

For the isolation of geraniol from mixtures with hydrocarbons 
and other substances a number of other methods have been sug- 
gested. All of them have this in common that they aim at the 
preparation of an acid phthalatc of geraniol. This ester can be 
prepared cither by the action of phthalic acid anhydride on the 
sodium compound of crude geraniol,' 1 ) or by heating geraniol 
with phthalic acid anhydride without solvent in the water bath *) 
or in benzene solution/’) The ester can be purified through the 

‘) Jacobsen, Liebig’s Annalen 157 (1871), 234. 

*) Report of Schimmel & Co. April 1S95, 44. 

8 ) Tiemann and Kruger, Beri. Berichte 211 (1896), 901. 

*) H. and E. Erdmann, Jotirn. f. prakt. Chem. II. 56 (1897), 15. 

ft ) Platau and Labbe, Compt. rend. 126 (1898), 1725; Bull. Soc. chim. 111. 
19 (1898), 633; Stephan, Journ. f. prakt. Chem. II. IK) (1899), 248. 



358 Principal constituents op volatile oils. 

crystalline silver salt. The gcraniol is regenerated by saponifying 
either the acid ester, or its sodium salt, the latter being pre- 
pared from the silver salt. These methods, however, do not 
possess any advantages over the calcium chloride method. In- 
deed, they arc more complicated and yield no purer product. 

Purified gcraniol, prepared by one or the other of the above 
mentioned methods, is a colorless, oily liquid with a rose-like 
odor which is optically inactive. When exposed to the air it is 
modified, taking up oxygen and suffering in its fragrance. Its 
properties arc recorded as follows: 

B. p. 110 to 111 (10 mm.), 121 (IS mm.), 230 (under at- 
mospheric pressure). 1 ) 

B. p. 120,5 to 122,5 (17 mm.); d,„ 0,8804(1); n lWl 1 ,4766.-) 

B. p. 110,5 to 111 (corr., at 10 mm.); d'," 0,881 2. *) 

d,. 0,880 to 0,883; n l(i: l,47b6 to 1,4786.') 

In connection with products prepared by themselves on a 
large scale Schimmel Co. observed the following properties: 

B. p. 220 to 230 (757 mm.), 114 to 115 (12 mm.); d,. 0,883 
to 0,886; n„. 1(l 1,476 to 1,478; soluble in 8 to lovols. ol 50 p. c. 
alcohol and in 2,5 to 3,5 vols. of 60 p. c. alcohol. 

Upon oxidation gcraniol, as primary alcohol, yields cilral, 
from which it can again he obtained by reduction. ’) In as much 
as citral has been obtained synthetically, gcraniol also belongs 
to those substances that can thus be obtained. 

Upon application of Sabatier and Sendcrens*'’) method, 
BouveaulU) succeeded in converting gcraniol well nigh quan- 
titatively into citral. This method consists in the catalytic action 
of copper on primary alcohols at high temperature. 

Gcraniol, or rather its acetate, results together with tcrpineol 
and nerol, when linalool is heated for a long time with acetic 

') Bertram and Gildemeister, journ. f. prakt. Chetn. 11. (1897), 508. 

*) Tiemann and Semmler. Berl. Berichte tlli (1893), 2711. 

) H. and L. Erdmann, |omn. f. prakt. Chem. II. .'»(» (1S^7), 3; Berl. Berichte 
ai (1 898), 339, Anm. 1. 

') Stephan, |ourn. f. prakt. Chem. 11. 7>s (1898), 110; HO (1899), 244. 

') Tiemann, Berl. Berichte HI (1898), 828. 

") Compt. rend. 13H (1903), 738, 921, 983. 

: ) Bull. Soe. chim. IV. H (1908), 1 1 9. 
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acid anhydride. 1 ) The reverse reaction takes place when geraniol 
is heated with water to 200 in an autoclave. At higher tem- 
peratures hydrocarbons and their polymerization products arc 
formed.'-) When hydrogen chloride is allowed to act on a mix- 
ture of geraniol and toluene, linalyl chloride results which, with 
silver nitrate, yields linalool. :i ) Hence it can be explained how 
Ticmann*) could obtain linalool when treating geraniol with 
hydrogen chloride and saponifying the reaction product with 
alcoholic potassa. 

In general, geraniol is not as readily acted upon by acids 
as is linalool. However, the action of acid reagents may cause 
ring formation, or/ogcraniol being produced. When boiled with 
acetic acid anhydride it is quantitatively converted into the acetate, 
but not isomerized. When shaken with dilute sulphuric acid it 
is converted into terpinhydrate, as is linalool, but not as readily. 1 ) 
Concentrated formic acid, like potassium acid sulphate or phos- 
phoric acid, acts as dehydrating agent. Whereas the action of 
potassium acid sulphate is said to produce an open chain hydro- 
carbon,') the other reagents produce terpenes. Thus formic acid 
produces «-terpincol, dipentenc and terpinene.' 1 ). Upon reduction 
of geraniol with platinum sponge and hydrogen, Willstattcr and 
Mayer*) obtained a mixture of 2,6-dimcthyl octane and 2,6-di- 
methyIoctanol-8. The same products were obtained by Enklaar") 
with Sabatier’s method. In addition, however, there resulted a 
cyclic alcohol C n ,H. MI 0 not further characterized. 

In the cold geraniol is scarcely acted upon by alkalies. 
When heated with concentrated alcoholic potassa to 150 , there 
is formed, according to liarbier,'*) a tertiary alcohol C„H JS 0 

') Bouchnrdat, Compt. rend. 110 (1893), 1253; Ticmann and Semmler, Berl. 
Berichte 20 (18^3), 2714; Stephan, |ourn. f. prakt. Chem. II. 7>S (1898), 111. 

-) Report of Schimmel £» Co. April 1M)H, 27. 

• ! ) Ticmann, Berl. Berichte til ( 1 898), 832; Dupont and Labaunc, Berichte 
von Roure-Bertrand Fils October 11MH), 27. 

') Tiemann and Schmidt, Berl. Berichte 2s ( 1 893), 2138. 

-) Semmler, Berl. Berichte 24 (1891), 683. 

'■) Bertram and Gildemeister, Journ. f. prakt. Chem. II, 41) (1894), 193; 

(1896), 236; Stephan, )ourn. f. prakt. Chem. II. 00 (1899), 244. 

■) Berl. Berichte 41 (1908), 1475. 

s ) Ibidem 2083. 

") Compt. rend. 120 (1898), 1423. 
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while carbon dioxide is being split off. However, this statement 
is based on an error since the resulting alcohol is methyl heptenol 
C.H,»0.') 

The addition products of bromine and hydrohalogen are 
mostly liquid and readily dccomposiblc. However, a crystalline 
tetrabromidc of gcraniol, melting at 70 to 7 Y\ can be prepared. 2 ) 

As already pointed out on p. 358 gcraniol yields upon oxi- 
dation with chromic acid mixture first an aldehyde, citral, 
C ih H m O.«) Under special conditions, however, methylheptenone 
can also be obtained. 1 ) Other “Abbau” products arc likewise 
obtained, so that the reaction is by no means a quantitative one. 
When shaken with very dilute permanganate solution polyatomic 
alcohols are presumably first formed. With chromic acid mixture 
these are oxidized to acetone, lacvulinic acid and oxalic acid. 6 ) 
In as much as gcraniol is optically inactive and a primary alcohol, 
the above oxidation products have lead to the adoption of the 
following formula, viz., that of dimethyl- 2 , 6 -octadiene- 2 , 6 - 0 I- 8 . 

CH :! • C (CH ;| ) ; CH • CH, • CH, • C (CH ;f ) : CH • CH,,OH.«) 

The isomeric formula given above, however, appears to have 
some points in its favor. Like citronellol, gcraniol can add sodium 
acid sulphite, namely two molecules since it has two double bonds. 7 ) 

The occurrence of esters of gcraniol in volatile oils has 
already been mentioned. In as much as geraniol is relatively 
stable toward acids, its esters can be obtained either by the 
action of acid anhydrides on gcraniol, or by the action of acid 
chlorides on geraniol in the presence of pyridine/) The esters 
of the fatty acids are all liquid and their odor becomes fainter 
with the increase of the radicle of the acid introduced. The 
formate and the acetate are described among the esters. 

') Report of Schimmcl Q Co. October 1SJW, 27; Ticmann, Berl. Berichte 31 
tlt»8), 2901. 

v. Soden and Treff, Berl. Berichte 33 <190b), 9|3. 

■) Semmler, Berl. Berichte 23 ( 1890 ), 29b5; 24 (1891), 203. 

4 ) Semmler, Berl. Berichte 23 11893), 2720. 

') Tiemann and Semmler, Berl. Berichte 2S (1895), 2130. 

") Ibidem 2132. 

■) l.abbe, Bull. Soc. chim. III. 21 (1898), 1079. 

s ) H. and E. Erdmann, Journ. f. prakt. Chem. 11. 53 (1897), 14; Berl. 
Berichte 31 (1898), 35b. 
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Of the other esters of geraniol the diphenylcarbaminic acid 
ester and the acid phthalic acid ester should be mentioned. 
Both are crystalline. The former may well be used for the 
identification of geraniol (see p. 362) whereas the latter (m. p. 47 ) *) 
may be employed in the preparation of pure geraniol. It should 
be noted, however, that gcranylphthalate of sodium is partly 
converted into linalool when subjected to distillation with steam. 8 ) 
A tetrabromide of the geranylphthalic acid is also known which 
melts at 114 to 115°. The silver salt melts at 133°. When 
preparing this acid it is best to work in benzene solution for 
the purpose of avoiding higher temperatures, for otherwise the 
geraniol is completely destroyed. The following derivatives remain 
to be mentioned, viz., geranyl-«-naphthylurethane (m.p. 47 to 48'), 
geranyl-di-,^-naphthylurethane (m. p. 105 to 107 ), and the geranyl- 
urethanc (m. p. 124 ). 

For the purpose of separating geraniol from a gcraniol- 
containing oil one can proceed, according to Bertram and Gilde- 
meister,*) in the following manner: Equal parts of the oil and 
finely powdered calcium chloride are carefully mixed in a mortar. 
The mixture, which as a result of the reaction has heated itself 
to 30 to 40 , is set acide for several hours in a desiccator in a 
cool place. The solid mass is pulverized and triturated with 
anhydrous ether, benzene or low boiling petroleum ether, trans- 
ferred to a force filter and washed with ether, respectively 
benzene or petroleum ether. To the mixture of geraniol-calcium 
chloride with the excess of calcium chloride, water is added thus 
causing the geraniol to be regenerated. The separated oil is 
washed repeatedly with warm water and finally distilled with steam. 

The separation of geraniol from its mixtures according to 
this method is not quantitative. Moreover, the oil to be thus 
treated should contain at least 25 percent, of geraniol. If only 
small amounts of material are available, it is best to use for 
characterization the diphenylurethanc of geraniol 
(C tt H,),NCOOC 1(1 H i; , 

first recommended by Erdmann and Huth. 4 ) For its preparation 

*) Flatau and Labb£, Compt. rend. 1*2# (1898), 1725. 

*) Stephan, )ourn. f. prakt. Chem. II. (K> (1899), 252. 

;1 ) journ. f. prakt. Chem. II. 511 (1896), 233 ; 5# (1897), 507. 

4 ) journ. f. prakt. Chem. II. 58 (1896), 45. 
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the following directions are given: 1 ) 1 g. of oil, 1,5 g. diphcnyl- 
carbaminc chloride and 1,35 g. pyridine are heated for two hours 
on a water bath. The reaction product is subjected to steam 
distillation and the residue, which solidifies upon cooling, crystal- 
lized from alcohol. If much citroncllol is present with the geraniol, 
it is difficult to obtain a pure product, since citroncllol yields also a 
diphenylurethane which, however, remains liquid. In such a case, 
urethanes with a low melting point (40 to 50 ) arc first obtained 
which after repeated recrystallization from alcohol may show the 
melting point of the diphenylurethane of geraniol, viz., 82,2 . 

If geraniol is to be further characterized, it can be oxidized 
to citral and this converted into the citryl- /-naphthocinchoninic 
acid (sec Citral). For this purpose, however, the alcohol must 
be fairly pure and not contain linalool, since this likewise yields 
citral with chromic acid mixture. If citial is present with 
geraniol the former must first be removed which removal may 
be accomplished by treatment with sulphurous acid. 

A conversion of geraniol to citroncllol is possible through the 
gcianic acid. This is reduced to citronellic acid and the latter 
to citroncllol.*) Thus the proof is established that citroncllol is 
dihydrogcraniol. 

Nv to/. 

This alcohol which is stereoisomcrie with geraniol was found 
in 1902 in neroli oil ! ) in which it occurs principally as acetate. 
Furthermore, ncrol has been found in the oils of petitgrain, rose, 
Mexican lignalocs and Hclichrvsum un gusli folium. Synthetically 
it is obtained, together with geraniol and tcrpineol, by the action 
of acetic acid anhydride on linalool. 1 ) It is likewise obtained 
in small amount (about 5 p. c.) upon the reduction of citral. 

Nerol of unquestioned purity has not yet been obtained. The 
following constants were observed on a specially purified product: 

B. p.226 to 227 (755 mm.); 125 (25 mm.); d,. 0,8813; 0 . ’) 

’) journ. !. prakt. Chcm. II. "Ai (18^7), 28. 

4 ) Tiemann, Bcrl. Berichte ill (18^8), 28>J9; Bouveault and Gourmand, 
Compt. rend. 1#* (TO, \m 

■') Hesse and Zeitschel, |ourn. f. prakt. Chem. 11. W» (1^2), 502. 

') Zeitschel, Berl. Berichte 3# 1780. 

*) v. Soden and Treff, Chem. Ztg. 27 (TO, 8^7. 
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Nerol possesses an agreable, rose-like odor and in its 
chemical behavior reveals close similarity with geraniol. When 
shaken with dilute sulphuric acid, it readily yields terpin 
hydrate. Upon oxidation it yields either citral or an aldehyde 
that possesses the odor of citral. Like geraniol it is unstable 
toward formic acid at higher temperature. With calcium chloride 
it does not form a crystalline addition product, hence it can 
be separated, at least in part, from gcraniol. A like separation 
may be affected by the diphenylurethanes because of their dif- 
ferent solubilities in certain solvents such as petroleum ether 
and methyl alcohol. 

Of its derivatives the tetra bromide *) melting at 118 to 119 
and the diphenylurcthanc 4 ) melting at 32 to 53 should be 
mentioned. 


or 


Cilronellol. 

H,C 

C * CH . • Clt • CH., • CH ■ CH., • CH..OH 
H.,C ‘ ‘ { 

CM., 

H,C 

C : CH • CH., • CH., CM * CH., ■ CH ,OH 
MX | ' 

CH, 

(The rhodinol of Barbicr?) 


Citroncllol, C lo H,„0, was first obtained by Dodge*) by the 
reduction of citroncllal from citronclla oil. The citroncllol thus 
prepared like the aldehyde from which it is obtained, is dextro- 
gyrate. In volatile oils citroncllol has been found repeatedly. 
Both optica] modifications occur in the geranium oils, /-citroncllol 
in oil of rose, and (/-citroncllol in citronclla oil from Java and 
in the oil of Barosma pulchellum. Citronellol has also been 
found in savin oil. Probably its esters as well as the free alcohol 
occur in volatile oils. 


') V. Soden and Treff, Berl. licrichte ft (1906), 907. 

*) v. Soden and Treff, Chem. ZtR. 27 (1900), 897; comp. Report of 
Schimmel ft Co. April 109. 

l ) Americ. chem. journ. 11 (1889), 456. 
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As has been demonstrated, the alcohols described as “rho- 
dinoP’ 1 ) and “rcuniol”' 2 ) revealed themselves as mixtures of 
citroncllol and geraniol. The "roseol” of Markownikoff and 
Keformatsky,”) that constitutes the bulk of oil of rose, has like- 
wise been found to consist of a mixture of citronellol and geraniol. 
However, as a result of more recent investigations, Barbier and 
his colaborers, more particularly Bouvcault, insist that the laevo- 
gyratc alcohol C 1( ,H, (1 0 which occurs in pelargonium oil and oil 
of rose differs from the ordinary (/-citronellol more than by 
being merely its lawogyrate modification. Bouveault, 1 ) therefore, 
insists on the retention of the name “rhodinol”. Whether this 
is justified remains to be seen. The work thus far done on this 
subject by Hesse,*) Wallach and leasehold, “) Erdmann and Huth, 7 ) 
Bertram and Gildcmeister,") Ticmann and Schmidt 5 ’) has not yet 
settled the question. This much, however, is demonstrated that 
rhodinol consists at least in part of citronellol. 

According to Bouveault 1 ") formula 1 should be assigned to 
citroncllol, formula II to rhodinol. He is lead to this assumption 
by the different behavior of the corresponding aldehydes (comp, 
under citronellal). 

Of the citroncllol, obtained by the reduction of citronellal, 
Schimmel ft Co. u ) prepared the pyrouvic ester and the semi- 
carbazone and thus established the identity of the latter deri- 
vative with that obtained by Bouvcault from “rhodinoP’. The 
respective melting points are 110 to 111 and 112 . 

') Lckart, Arch, der Pharm. 22# (1801), .155; Berl. Berichte 24 (1801), 4205; 
Barbier and Bouveault, Compt. lend. 117 (1803), 177, 1002; 1 is (1804), 1154; 
111! (1804), 281, 334; 122 (1806), 530, 673. 

*) Hesse, Journ. f. prakt. Chern. II. 50 (1804), 472. 

: ’) Ibidem II. 48 (1803), 203; Berl. Berichte 23 (1800), 3191 ; 27 (1804), Kef. 625. 

4 ) Bull. Soc. chim. III. 23 (1000), 458. 

') Journ. f. prakt. Chem. II. 50 (1804), 472. 

*) Nachr, K. Ges. Wiss. Gottingen IsiHi, Session of February 8.; Chem. 
Zentralbl. 1WMI, I, 800. 

7 ) Journ. f. prakt. Chem. II. 53 (1806), 42. 

') Ibidem II. 40 (1804), 185; comp, also Report of Schimmel ft Co. 
October 1*»4, 20; April JW5, 44. 

") Berl. Berichte 2# (1806), 003; 30 (1807), 33. 

,0 ) Loc. cit. and Compt. rend. 1 38 (1004), 1600; comp, also Barbier and 
Bouveault, Compt. rend. 122 (1806), 737. 

“) Report of Schimmel ft Co. October 1904, 110. 
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Recent publications by Harries and Himmelmann 1 ) would 
seem to indicate that citronellol also consists of a mixture of 
two isomers, to which two separate formulas should be assigned. 
This conception may lead to an explanation of the differences 
in the investigations of citronellol found by Bouveault on the one 
hand and by Tiemann and Schmidt and Schimmel $ Co. on the 
other hand. 

Geraniol and citronellol occur frequently together. In as 
much as they cannot be separated by fractional distillation either 
as such or in the form of their esters, and since the calcium 
chloride method does not admit of a quantitative separation, it 
was difficult to obtain pure citronellol. In this Wallach*) first 
succeeded, who observed that when geraniol is heated with water 
in an autoclave to 250' it is completely decomposed with the 
formation of hydrocarbons, whereas citronellol remains unchanged. 
A method of separation suggested by Tiemann and Schmidt”) 
depends on the action of phosphorus trichloride on the alcohols 
in ethereal solution. Geraniol is thereby converted partly into 
hydrocarbons, partly into geranyl chloride; citronellol, however, 
into a chlorinated acid ester of phosphorous acid which is 
soluble in alkalies and can thus be separated from the other 
compounds. The crude citronellol regenerated by the saponi- 
fication of the ester is purified by distillation with water vapor. 
A separation of the two can also be affected by heating the 
mixture of alcohols with phthalic acid anhydride to 200 . Where- 
as the geraniol is thus destroyed, the citronellol is converted 
into the acid phthalic acid ester, the sodium salt of which is 
soluble in water and which can be saponified by means of 
alcoholic potassa. According to Walbaum and Stephan 4 ) the 
mixture can be heated with strong formic acid, whereby the 
geraniol is decomposed and the citronellol converted into the 
formate. According to Barbicr and Bouveault 5 ) the geraniol 
can also be destroyed by heating with benzoyl chloride to from 
140 to 160 . 


*) Berl. Berichte 41 (1908), 2187. 

*) Nachr. K. Ges. Wiss. Gottingen 1S98, Session of February, 8. 
s ) Berl. Berichte 29 (1896), 921. 

*) Berl. Berichte 33 (1900), 2307. 

Compt. rend. 122 (1896), 530. 
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Artificially citronellol can be obtained from citroncllal, its 
corresponding aldehyde, by means of reduction with sodium 
amalgam and glacial acetic acid, 1 ) Other methods of formation, 
starting with geranic acid, have been suggested by Tiemann-) 
and by Bouveault and Gourmand. 3 ) The products thus obtained 
arc optically inactive. Furthermore, by the cleavage of menthon- 
oxime and change in the resulting aliphatic compound, Wallach 1 ) 
obtained an alcohol C J0 H._, W 0 which very much resembles citronellol, 
but is not identical with it. 

Pure citronellol is a colorless oil with an agreable, rose-like 
odor, but finer than that of gcraniol. According to its method 
of formation it reveals slight variations in its physical properties. 
Wallach') determined the following constants in connection with 
a citronellol (rcuniol) obtained according to his method (see above): 

li. p. 114 to 115' (12 to 13mm.); d*, 0,856; — 140'; 

n,,,., 1,45609. 

According to Tiemann and Schmidt,' 1 ) (/-citronellol obtained 
by reduction of citroncllal, possesses the following properties: 

11. p. 117 to 118 (17 mm.); d 1Ti . 0,8565; [«] m7iiV 4- 4 ; 

n„ 1,45659. 

/-Citronellol, prepared from rose oil by means of the phos- 
phorus trichloride method, boils at 1 13 to 1 1 4 at 15 mm. pressure; 
d J(r . 0,8612; n„ 1,45789; and deviates polarized light 4' 20' to the left. 7 ) 

For the alcohol, obtained from Reunion geranium oil according 
to a method similar to that of Wallach, the following constants 
arc recorded: 

II. p. 225 to 226 (764,5 mm.); d 1>v 0,862; 40'; 

n wr 1,45611."). 

') Dodge, Americ. ehem. Journ. 11 (1889), 463; Tiemann and Schmidt, 
Berl. Berichte ‘-It (1896), 906; Erdmann, journ. f. prakt. Chem. II, 5tt (1897), 38. 

*) Berl. Berichte 31 (1898), 2899. 

•■’) Compt. rend. 13S (1904), 1699. 

') Liebig's Annalen 27S (1894), 316; 2M (1897), 129. 

') Machr. K. Ges. Wiss. Gottingen lstMl, Session of February 8.; leasehold, 
Beitrapv zur Kenntnis afiphatischer Terpen verbindungen. /naup.- Dissert. 
Gottingen 1896. p. 56. 

") Berl. Berichte 211 (1896), 906. 

: ) Tiemann and Schmidt, Berl. Berichte 211 (1896), 923. 

") Report of Schimmel fik Co. April 189H, 58. 
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In the laboratory of Schimmcl 8j Co. the following constants 
were observed in connection with their own preparations: 

Citronellol from Java citronella oil: B. p. 109' (7 mm.); 
103" (5 mm.); 0,8604 to 0,8629; + T to +2 l, 32'; 

n,,..., 1,45651 to 1,45791; m. p. of the silver salt of the acid 
phthalic acid ester 125 to 126 . ') 

Citronellol from geranium oil: B. p. 225 to 226° (764,5 mm.); 
d l>v 0,862 to 0,869; slightly laevogyrate to — P52 # ; n„, r 1,459 
to 1,463; soluble in about 14 vols. 50 p. c. alcohol and "in 3 to 
4 vols. of 60 p. c. alcohol. 

Citronellol is much more stable than geraniol and is not 
acted upon when heated with alkali. When shaken with a 10 p. c. 
sulphuric acid it adds water and is converted into a diatomic 
alcohol from which dehydrating agents regenerate citronellol.-) 
Attempts to prepare a cyclic hydrocarbon C lw H Jfl by dehydration 
have not been successful thus far. Its stability toward phos- 
phorus trichloride in the cold, phthalic acid anhydride and 
formic acid at higher temperatures, and toward the united 
action of heat and pressure in the presence of water, has al- 
ready been referred to in the discussion of the methods by 
which citronellol can be separated from the other alcohols. 
It is also worth mentioning that sulphurous acid and sodium 
acid sulphite can be added to the doubly linked carbon atoms 
of citronellol. 

As a primary alcohol, citronellol first yields the aldehyde 
citronellal, C IO H )s O, which, upon reduction with sodium amalgam, 
can be reconverted into the alcohol. As is the case with geraniol, 
the oxidation to the aldehyde is by no means quantitative, other 
oxidation products, such as citroncllic acid, §c., resulting. 8 ) If 
citronellol is first hydroxylized with dilute permanganate solution 
and the resulting glycol oxidized further with chromic acid mixture, 
acetone and ^-methyladipinic acid result. According to the optical 
character of the citronellol, the latter oxidation product is ob- 
tained more or less active, or optically inactive. The melting 
point also varies accordingly from 82 to 96°. In as much as 

x ) Report of Schimmel $ Co. April 1902, 14. 

2 ) Tiemann and Schmidt, Bed. Berichte 29 (1896), 907. 

!l ) Tiemann and Schmidt, Berl. Berichte 110 (1897), 34. 
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citronelloi can also be converted into the cyclic alcohol iso - 
pulcgol and this into pulegone, it has been assigned the formula 
dimethyl-2, 6-octene-2-ol-8. 

CH a • C (CH 3 ) : CH • CH 2 • CH, ■ CH (CH S ) CH 2 ■ Cfi OH. 1 ) 

Opposed to this view are the observations of Harries and 
Himmelmann, 2 ) referred to above, also those of Bouveault, 
viz., that citronelloi is a mixture of two isomeric alcohols; to 
one of which may be assigned the above formula and to the 
other the formula 

CH, • C(: CH.,) • CH,CH, • CH, . CH(CH 8 )CH,CH,OH. 

The esters of citronelloi, of which the acetate occurs in 
volatile oils, are readily obtained by the action of the cor- 
responding acid anhydrides on the alcohol. For further state- 
ments see under esters. 

The acid phthalic acid ester, which results when citronelloi 
and phthalic acid anhydride arc heated together, differs from that 
of gcraniol in being liquid. However, it yields a well crystallizable 
silver salt from which pure citronelloi can be regenerated.’*) 

Citronelloi can be characterized by its oxidation to citroncllal 
(which see) and this in turn by means of its citronellyl- ^-naphtho- 
cinchoninic acid, or by means of its semicarbazone 4 ) which melts 
at 84°. In the absence of gcraniol, citronelloi can be identified 
by means of the silver salt of citronellyl phthalic acid which 
melts at 125 to 126°. Its identification by means of the citroncllyl- 
pyrouvic acid ester, the semicarbazone of which melts at 110 
to 111°, can be carried out in the presence of geraniol. For 
the quantitative determination of citronelloi in the presence of 
other alcohols, its stability toward concentrated formic acid is 
resorted to. Whereas the other alcohols are destroyed, citronelloi, 
under certain conditions, is converted into the formate. For 
further details see the chapter “The examination of volatile oils”. 

*) Tiemann and Schmidt, Berl. Berichte 2ft (1896), 908. 

*) Berl. Berichte 41 (1908), 2187. 

3 ) Erdmann and Huth, Journ. f. prakt. Chem. II. M (1897), 41. 

4 ) Tiemann and Schmidt, Berl. Berichte 80 (1897), 34; 31 (1898), 3307. 
However, other semicarbazones with different melting points are known. See 
under citronellal. 
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Of other alcohols, found in volatile oils, that are regarded 
as aliphatic compounds, the following should be mentioned: 

Androl') is the name assigned to an alcohol of like com- 
position with citronellol, which appears to impart to water fennel 
(Phellandrium aquaticum) its characteristic odor. It may be 
recognized by its physical constants (b. p. 197 to 198°; d, iV . 0,858; 

— 7 1 10'; n im o 1,44991) and by its phenylurethane which melts 
at 42 to 43 . Nothing further is known about its constitution. 

Uncineol, C, 0 H ls O, is the name given by Baker and Smith 2 ) 
to an alcohol which they found in that portion of cajeput oil 
(Malaleuca uncinata) which boils above 197 \ When pure, this 
alcohol consists of snowwhite crystalline needles which melt at 
72,5" ; [«]„ 4- 36,99" in alcoholic solution. 

An alcohol with a rose-like odor has also been found in 
fraction 230° of waterfennel oil.") Its phenylurethane melts be- 
tween 87 to 90 ’ In patchouli oil 4 ) there likewise has been found 
an alcohol with a rose-like odor. However, nothing further has 
as yet been recorded. 


CYCLIC (AROMATIC) ALCOHOLS. 

Benzyl alcohol. 

C (l H r ,-CH.,OH. 

This alcohol, which is of importance because of its application 
in perfumery, has been found as such in the oils of tuberose, ylang- 
ylang, jasmin, cloves and of cassie flowers (Acacia Farnesiana 
and A. Cavenia). Possibly it is also found in small amounts in 
cherry laurel oil. As acetate it occurs in the oils of ylang-ylang, 
hyacinth, jasmin and gardenia; as benzoate in the oils of tuberose, 
ylang-ylang, Peru balsam and tolu balsam; as cinnamate in storax 
oil and in the two balsams just mentioned; as salicylate in ylang- 
ylang oil; and as phenyl acetic acid ester in neroli oil. 

‘) Report of Schimmel $ Co. October BNI4, 92. 

4 ) Journ. and Proceed. Royal Soc. of N. S. W. +1 (1907), 196. 

■) Report of Schimmel 5 Co. October 1H04, 92. 

‘) Report of Schimmel 2j Co. April 1W4, 69. 

ClLUtMLISTlR, THt VOUTILL OILS. 
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It is prepared by heating benzyl chloride with water and 
freshly precipitated lead oxide to 100° or by prolonged heating 
of the chloride with water or potassium carbonate solution. Or 
it can be obtained, as suggested by Cannizzaro, 1 * * 4 ) by double de- 
composition between benzyl chloride and potassium acetate and 
subsequent saponification of the benzyl acetate. Still another 
method consists in shaking benzaldchyde with alkali, whereby 
one half of the aldehyde is oxidized, the other half reduced. 
In order to remove the last traces of aldehyde the alcohol is 
shaken with an acid sulphite solution before it is distilled. In 
this case the sulphurous acid should be washed out with alkali. 
Otherwise the sulphuric acid, resulting will convert a large part 
of the benzyl alcohol into the benzyl ether.-) 

Benzyl alcohol is a colorless liquid which, when freshly 
prepared, has a faintly aromatic odor. Upon exposure to air it 
oxidizes and assumes an odor of bitter almond oil. B. p. 205°; 
d„, 1,05; n 1)!f0 . about 1,540. It is soluble in about 35 vols. of 
water, in 8 to 9 vols. of 30 p. c. alcohol and in 1 ,5 vol. of 50 p. c. 
alcohol. With other solvents it is miscible in all proportions. 
In as much as it can be prepared from benzyl chloride, special 
care should be devoted in its examination to the test for 
chlorides. (For details see the chapter “The examination of 
volatile oils”.) 

Upon oxidation benzaldehydc and benzoic acid result. Charac- 
teristic derivatives are the phenylurethanc :i ) melting at 78 r and 
acid phthalic acid ester melting at 106 to 107V) The semi- 
carbazone of the pyrouvic acid ester (m. p. 176 °) '’) may also be 
used for this purpose. 

Phenylethyl alcohol. 

CA‘CH 2 CH 2 OH. 

Phenylethyl alcohol, which is used in the preparation of 
artificial volatile oils, has been observed as constituent of the 

l ) Liebig’s Annalen 90 (1855), 246. 

a ) Meisenheimer, Berl. Berichte 41 (1908), 1420. 

a ) Report of Schimmel $ Co. April 1890, 28, footnote. 

4 ) Ibidem October 1908, 19. 

ft ) Masson, Compt. rend. 149 (1909), 630. 
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leaf oil of Pin us ha/epensis, of oil of rose (especially that 
distilled from dried rose leaves) and of neroli oil. In the oils 
of rose and neroli, the alcohol appears also to be combined as 
ester with benzoic acid and phenylacetic acid. 

Artificially it can be prepared from phenyl acetaldehyde by 
reduction with sodium amalgam; 1 ) likewise from phenylacetic 
acid esters by reduction with sodium and absolute alcohol, a 
method patented by Bouveault and Blanc. a ) In connection with 
a preparation, made in the laboratory of Schimmel $ Co. 
according to the latter method and purified by means of the 
calcium chloride compound, the following constants were 
observed: 

B. p. 220 to 222° (740 mm.), abt. 104' (12 mm.), 93° (6 mm.); 
d ia „ 1,0242; n wr 1,53212. 

According to observations thus far made the latter two con- 
stants for technical products fall within the following limits: 

d lt . ,1,023 to 1,024; n 1)20 o 1,532 to 1,533. 

Phcnylethyl alcohol is a colorless liquid that is optically in- 
active and possesses a very mild and faint odor. As a result 
of its partial oxidation to phenyl acetaldehyde it becomes honey- 
like in consistency in the course of time. It is readily soluble 
in all of the common organic solvents. It is soluble in 2 vols. 
of 50 p. c. alcohol and in 18 vols. of 30 p. c. alcohol. Even in 
water it is soluble in the ratio of 1:60. Because of this 
appreciable solubility in water, rose oil contains only a small 
fraction of the phenylethyl alcohol found in the leaves. The 
larger part of the alcohol remains in the aqueous distillate 
from which it cannot be separated by cohobation because of 
its great dilution. 

With anhydrous calcium chloride phenylethyl alcohol forms 
a solid compound which can be used for its purification. Oxi- 
dation with chromic acid mixture yields phenyl acetaldehyde and 
phenylacetic acid, at times also its phenylacetic acid ester which 

1 ) Radziszewski, Berl. Berichte 9 (1876), 372. 

*) G. I. P. 164294. Comp, also Compt. rend. 186 (1903), 1676 and 187 
(1903), 60. 
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melts at 28°. For the identification of phenylethyl alcohol its 
phenylurethane (m. p. 80"), its diphcnylurethane (m. p. 99 to 100°) 
and acid phthalic acid ester (m. p. 188 to 189 ) are used. 

Phenylpropyl alcohol. 

C„ Hr, • CH„ • CH, • CH, OH. 

As cinnamic acid ester, normal phenylpropyl alcohol has been 
found in several resins and balsams, e. g. in Sumatra benzoes, 
in Oriental and American styrax and in the Honduras balsam 
which is frequently misnamed white Peru balsam. Probable is 
likewise its occurrence as cinnamatc in xanthorrhoea resin and 
as acetate in cassia oil. 

The phenylpropyl alcohol isolated from the above named 
resins is always accompanied by cinnamic alcohol from which 
it cannot be separated completely by fractionation. According 
to the method patented by Schimmel $ Co. 1 ) it can be obtained 
in a pure state by heating the mixture of alcohols with an equal 
part of concentrated formic acid. The cinnamic alcohol is thus 
resinified whereas the phenylpropyl alcohol is converted into 
the formate. The ester can be distilled with steam and then 
saponified. 

Synthetically phenylpropyl alcohol can be obtained by 
the reduction of cinnamic alcohol with sodium amalgam in 
the presence of much water;-) or, according to the method 
of Bouveault and Blanc, 1 ;? ) by the reduction of cinnamic acid 
ester or the benzylacetic acid ester with sodium and absolute 
alcohol. 

Phenylpropyl alcohol is a colorless, thick liquid possessing 
a faint peculiar odor resembling somewhat that of cinnamic alcohol 
and reminding of certain species of hyacinth. In ordinary solvents 
it is readily soluble. It is soluble in all proportions in 70 p. c. 
alcohol, in 1,5 vols of 60 p. c. alcohol and in about 3 vols. of 
50 p. c. alcohol. In water it is not soluble in the ratio of 1:300. 

‘) G.l.P, 116091. Comp. Chem. Zentralbl. 1001, 1. 69. 

'-) Riigheimer, Liebig’s Annalen 172 (1874), 123. Comp, also Hatton and 
Hodgkinson, Chem. News 48 (1881), 1930; Chem. Zentralbl. 1881, 407. 

”) G. I. P. No. 164294. 
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In the above mentioned patent, Schimmel 8j Co. record the fol- 
lowing constants: 

B. p. 235', resp. 119 ' (12 mm.); d lf) „ 1,007. 

When oxidized with chromic acid in glacial acetic acid, it 
yields hydrocinnamic acid (m. p. 49"). It can he more readily 
identified by its phenylurethanc 1 ) melting at 47 to 48 f . 


Cinnamic aicohol. 

C (1 H ; ,.CH:CHCH,OH. 

Cinnamic alcohol, formerly also designated styrone, is found 
in volatile oils, not as such, but as ester. As acetate it occurs 
in cassia oil; as cinnamate (styracin) in storax, also in the oils 
of hyacinth (?), xanthorrhcea resin, Peru balsam and Honduras 
balsam. 

It is commonly obtained by saponification of the styracin 
in storax. Synthetically it can be obtained by reduction of 
cinnamic aldehyde diacetate and subsequent saponification of 
the resulting cinnamyl acetate. ’) 

Cinnamic alcohol occurs in long, fine white needles which 
possess a hyacinth-like odor. At 33 they melt to a colorless, 
strongly refractive liquid, which boils at 257,5 r (758 mm.), respecti- 
vely at 117' (5 mm.) At -Jj" its specific gravity lies between 1,01 
and 1,03. In water it is sparingly soluble (about 1 : 250) , also in 
petroleum ether. In the other solvents it is readily soluble. 
Of 30 p. c. alcohol about 50 to 60 vols., of 50 p. c. alcohol 4 to 
5 vols. and of 60 p. c. alcohol about 2 vols. are needed to effect 
solution. 

With platinum black, cinnamic alcohol is oxidized to cinnamic 
aldehyde, upon more violent oxidation to cinnamic acid (m. p. 133 r ) 
and finally to benzaldehydc and benzoic acid. Upon reduction with 
sodium amalgam in the presence of much water it can be con- 
verted into phenylpropyl alcohol. 


*) Walbaum, Berl. Berichte 33 (1900), 2300, footnote. 

*) Barbier and Leser, Bull. Soc. chim. 111. 83 (1905), 858. 
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Characteristic derivatives are the phenylurethanc melting 
at 90 to 91,5° and the diphenylurethane melting at 97 to 98°. l ) 
The latter is to be preferred to the phenylurethane since it has 
the more sharply marked melting point. 


ALICYCLIC (HYDROAROMATIC) ALCOHOLS. 

Dihydrocuminic alcohol. 

This alcohol, the constitution of which has not yet been 
definitely determined, was recently found in the laboratory of 
Schimmcl 8} Co.,*) to occur free and as ester, also in both optical 
modifications in gingergrass oil. 

This alcohol is a colorless, rather viscid oil of a peculiar 
odor reminding of linalool and tcrpineol. From geraniol, its 
companion in gingergrass oil, it can be separated only with 
difficulty. Its isolation can best be effected by heating the 
mixture of alcohols with 2 parts of 90 p. c. formic acid on a 
waterbath to a temperature of 80 , :t ) whereby only the geraniol 
is destroyed. For two preparations thus purified, Walbaum and 
Hiithig 4 ) record the following constants: 

B. p. 226 to 227 (767 mm.), 92 to 93,5" (5 mm.); d 1JV . 0,9510; 

13" 18'; n lmr 1,49629. 

B. p. 228 to 229 (755 mm.), 94 to 96" (4 to 5 mm.); d 14 „ 0,9536; 
% -f- 12" 5'; n l)21 , 1,49761. 

When oxidized with Beckmann’s chromic acid mixture, di- 
hydrocuminic aldehyde, C U) H 14 0, results, thus proving that the 
alcohol in question, C l0 FI 1(1 O, is a dihydrocuminic alcohol. Since 
no crystalline derivative of the alcohol has yet been obtained, 
it is identified by its oxidation to the aldehyde, the semi- 
carbazone of which melts at 198 to 198,5". 

*) Report of Schimmel Sf Co. April 1910, 173. 

2 ) Report of Schimmel ft Co. April 1901, 57; October 1904, 44; Walbaum 
and Huthig, Joum. f. prakt. Chem. II. 71 (1905), 464. 

'') Stronger formic acid and higher temperatures are to be avoided since 
the alcohol is thereby dehydrated to cymene. Even when the precautions 
stated are taken this change will take place to a slight extent. 

4 ) Loc. tit. 466. 
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By the action of dilute sulphuric acid on terpin hydrate 
(see p. 384) the liquid terpincol of commerce results. This, 
however, is not a chemical unit, but a mixture of isomeric 
compounds C 1( ,H ls O, among which the «-terpineol, m. p. 35 ", 
predominates. The presence of ^-terpineol, m. p. 32° l ) and the 
liquid terpineol-1 2 3 ) has likewise been established. 

In nature there apparently occurs only the u-terpineol, cither 
optically active or inactive, the constitution of which has been 
established by the researches of Wallach, 8 ) Wagner, 4 * * * ) Semmler 
and Tiemann.*) Although liquid terpincols have been isolated, 
it seems highly probable that they can be otained in the solid 
condition. 

Solid tf-«-terpineol has been observed in the oils of Malabar 
cardamom, sweet oranges, petit-grain, neroli, in Cayenne- and 
the lasvogyrate Mexican lignaloc oils, also in oil from lovage-root. 
In Malabar cardamom oil it occurs probably for the most part 
as acetate. As ester only, namely as acetate and valerianate (?), 

l ) Stephan and Helle, Berl. Berichte 85 (1902), 2147. 

a ) Wallach, Liebig’s Annalen 356 (1907), 218; 862 (1908), 269. 

3 ) Liebig’s Annalen 275 (1893), 103, 150 ; 277 (1893), 110 ; 291 (1896), 342; 

Berl. Berichte 28 (1895), 1773. 

■) Berl. Berichte 27 (1894), 1652, 2273. 

ft ) Semmler, Berl. Berichte 28 (1895), 2189; Tiemann and Semmler, ibidem 

28 (1895), 1778; Tiemann and Schmidt, ibidem 1781; Tiemann, ibidem 29 

(1896), 2616. 
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it occurs in cypress oil. In liquid form it has been isolated from 
marjoran oil. 

Solid /-^-terpineol has been found in the wood turpentine oil 
from Pin us pa/ustris, in camphor oil, in the oil from the leaves 
of Laurus Camphora, in the dextrogyrate Mexican lignaloc oil, in 
limette oil and niaouli oil, in the last mentioned also as valerianate. 
As a liquid it has been isolated from Canada snakeroot oil, the 
bark oil from Ocotea usambarensis and both free and as ester 
in European wormsecd oil. 

Solid /-terpineol has been isolated from cajeput oil in which 
it also occurs as acetate. As a liquid it has been obtained 
from the oils of nutmeg and boldo leaves. 

Without reference as to angle of rotation, the presence of 
terpineol has been recorded for the following oils: kuromoji oil, 
lemon oil, oil of Melaleuca uncinata (?), gardenia oil, valerian 
oil (?), kesso root oil and crigeron oil. Probably the acetate also 
occurs in the German oil of Pinus sylvestris. 

According to the statement of Uouchardat and Voiry, 1 ) solid 
inactive terpineol m. p. 30 to 32 is formed by the action of very 
dilute sulphuric acid on terpin. However, it has not yet been 
definitely settled whether this is «- or ^-terpineol. The solid, 
optically active modifications of «-terpineol can be obtained either, 
according to the method of Semmler,-) by boiling the d- or 
/-limonene monobromhydrate with the oxides of silver or lead; or, 
according to Wallaclr) by shaking limonene monochlorhydrate 
with dilute potassium hydroxide solution, or by shaking homono- 
pinol with dilute sulphuric acid. 1 ) The simplest method is to 
prepare them as acetates by the simultaneous action of glacial 
acetic acid (comp, under camphene, p. 305) and sulphuric acid 
on limonene, or by the action of glacial acetic acid and zinc 
chloride on pinenc. 14 ) Note-worthy is also the formation of optically 
active solid terpineols from linalool by the action of acetic acid 

‘) Compt. rend. 1W (1887), 996. 

J ) Berl. Berichte 2s (1895), 2189. 

9 ) Liebig’s Annalen 350 (1906), 154. 

‘) Liebig’s Annalen 300 (1908), 98. 

') Ertschikowsky, Journ. russ. phys chem. Ges. 28 (1896), 132. According 
to Bull. Soc. chim. HI. 10 (1896), 1584. 
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anhydride or formic acid, 1 ) also of solid inactive terpineol from 
geraniol and formic acid.-) 

The solid inactive ((-terpineol possesses the elder-blossom- 
like odor of the liquid to a slight degree only. It is very 
readily soluble in organic solvents and possesses the following 
properties: 

M. p. 35 0 a ) ; b. p. 217 to 218° (760 mm.), 104 to 105° (10 mm.); 
d H . 0,935 to 0,940; n I>20 „ 1,48084. 4 ) 

The following constants were observed in the laboratory of 
Schimmel Co.: 

M. p. 35°; b. p. 85° (3 mm.); d lfl .> (supercooled) 0,9386; 
n D20 , 1,48268. 

In connection with a strongly active ((-terpineol, obtained 
by shaking homonopinol with dilute sulphuric acid, Wallach*) 
observed the following constants: 

M. p. 37 to 38 r ; b. p. 218 to 219°; [«]„- 106° in 16,34 p. c. 
ethereal solution. 

The optical activity is variable. The highest deviation ob- 
served in connection with a natural terpineol is [«]„ + 95° 9' 
for the (/-terpineol from oil of orange,") and [«]„ — 27° 20' 
for the /-terpineol from lignaloc oil. 7 ) The highest deviation has 
been revealed by an artificially prepared /-terpineol, namely 
M -117,5V) 

In connection with the commercial liquid products of their 
own manufacture, which consist only in part of ((-terpineol and 
contain some f /-terpineol and terpinenol-l, Schimmel & Co. observed 
the following constants: 

B. p. 217 to 219°; d lft0 0,935 to 0,940; « D f 0°; n lw0 J,481 to 
1,484; soluble in about 9 vols. 50 p. c. alcohol, in 3 to 5 vols. of 

*) Stephan, Journ. f. prakt. Chem. II. &N (1898), 109. 

«) Stephan, ibidem 60 (1899), 244. 

3 ) Wallach, Liebig’s Annalen 275 (1893), 104. 

4 ) Stephan, Journ. f. prakt. Chem. II. 5K (1898), 110; 00 (1899), 244. 

B ) Liebig’s Annalen 300 (1908), 89. 

fl ) Stephan, journ. f. prakt Chem. II. 62 (1900), 530. 

; ) Report of Schimmel $ Co. October 1905, 48. 

“) Ertschikowsky, journ. russ. phys. chem. Ges. 28 (1896), 132. According 
to Bull. Soc. chim. III. 16 (1896), 1584. 
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60 p. c. alcohol, and in abt. 2 vols. of 70 p. c. alcohol. With 
petroleum ether it should be miscible in all proportions, /. e. it 
should be free from water. 

As to their chemical properties the inactive and both 
active modifications of u-terpineol behave alike. The derivatives, 
however, differ in part: 

Inactive modifications Active modifications 

Melting point 35 37 to 38° 

Nitrosochloride 112 to 113° 107 „ 108° 

Nitrolpiperididc 159 „ 160° 151 „ 152° 

Methoethyl heptanonolid 64 46 „ 47 ” 

K-Tcrpineol is a tertiary, unsaturated alcohol which yields 
addition products with bromine, nitrous acid anhydride, nitrogen- 
tetroxyde and nitrosylchloride. The nitrosochloridc and the nitro- 
laminc bases derived therefrom are especially adapted for the 
characterization of the <r-tcrpincol (sec p. 380). 

The liquid dibromide yields a tribromidc when treated with 
hydrogen bromide in glacial acetic acid solution. Further treat- 
ment with bromine converts it into dipcntenc tetrabromide mel- 
ting at 124'. 

With hydrohalogen acids the corresponding dipentcne di- 
halogcn hydrides result. The dihydriodide C i0 H 1h I 2 (m. p. 77 to 
78°), obtained by shaking the alcohol with concentrated hydriodic 
acid, can be utilized for the identification of tcrpineol. 1 ) Toward 
mineral acids and also toward some organic acids, terpineol is 
rather unstable. Whereas shaking with dilute sulphuric acid 
hydrates it to terpinhydrate,-) boiling therewith causes it to be 
dehydrated with the formation of terpinene together with a little 
dipentene and cineol. Potassium acid sulphate has a similar 
effect producing principally dipentene; also phosphoric acid 
producing principally terpinolene with small amounts of terpinene 
and cineol; also oxalic acid which likewise produces terpinolene. 3 ) 
Acetic acid anhydride also dehydrates terpineol, especially when 
heated, producing dipentene. Hence it is not possible to esterify 

*) Wallach, Liebig’s Annalen 230 (1885), 265. 

*) Tiemann and Schmidt, Berl. Berichte 28 (1895), 1781. 

■') Wallach, Liebig’s Annalen 275 (1893), 104; Baeyer, Berl. Berichte 27 
(1894), 447. 
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terpineol quantitatively with this agent without exercising special 
precautions. 1 ) For further details concerning terpinylacetate see 
the chapter on esters. 

When oxidized with dilute permanganate solution, terpineol 
is first converted into the polyatomic alcohol C I0 H, (l O 3 , 1,2,8-tri- 
hydroxymenthane (m. p. of the inactive modification 122°). Chromic 
acid mixture oxidizes this to a ketolactone C l(1 H 1(l O., (m. p. of the 
active modification 46 to 47°, of the inactive 64 ). The study 
of this compound has contributed much toward the establishment 
of the constitution of terpineol as expressed by the formula 
i^terpenc-S-ol. More violent oxidation of the terpineol and of 
the ketolactone with chromic acid mixture or nitric acid yields 
terpenyl and terebinic acids. -) 

Of special interest is the conversion of terpineol, through the 
tribromide and the nitrosochloride, into derivatives of carvone. 3 ) 

The hydroxy group of terpineol reacts with phenyl/socyanatc 
when both compounds are mixed and set aside at room tempe- 
rature for a time. Sometimes crystals of diphenylurca separate 
at first, from which the liquid mixture is separated with the aid 
of cold anhydrous ether or, better still, with low boiling petroleum 
ether. After careful evaporation of the solvent, the urethane 
separates in fine needles. Recrystallized from alcohol, the in- 
active compound melts at 113 0 . 4 ) The urethane obtained from 
optically active terpineol is likewise inactive. The «-naphthyl- 
urethane/*) melting at 147 to 148° can also be utilized for the 
identification of ^-terpineol. Especially suited to this purpose is 
the nitrosochloride. 

According to Wallach “) the preparation of the nitrosochloride 
is accomplished in the following manner: To a solution of 15 g. 
terpineol in 15ccm. glacial acetic acid and 11 ccm. ethylnitrite, 

>) Ginsberg, journ. russ. phys. chem. Ges. 29 (1897), 249. According to 
Chetn. Zentralbl. 1897, II. 417; Report of Schimmel 8[ Co. October 1897, 63. 
Compare also the chapter "Examination of volatile oils” under acetylation. 

*) Wallach, Liebig’s Annalen 227 (1893), 117, 120 ; 291 (1896), 345; Berl. 
Berichte 28 (1895), 1775; Tiemann and Mahla, Berl. Berichte 2D (1896), 928; 
Tiemann, ibidem 2616. 

3 ) Wallach, Liebig’s Annalen 281 (1894), 140 ; 291 (1896), 346. 

4 ) Wallach, Liebig’s Annalen 275 (1893), 104. 

B ) Report of Schimmel $ Co. October 1906, 41. 

«) Liebig’s Annalen 277 (1893), 120 ; 860 (1908), 90. 



380 Principal constituents of volatile oils. 

well cooled in a freezing mixture and while well shaken, 6 ccm. 
of hydrochloric acid dissolved in an equal volume of glacial 
acetic acid, are added drop by drop. At the close of the reaction 
the nitrosochloride is precipitated with ice water in the form of 
an oil which, however, soon crystallizes. The solid compound 
is purified by rccrystallization from hot acetic ether or methyl 
alcohol and melts at 112 to 113°. The active modification melts 
at 107 to 108°. 

With piperidine in alcoholic solution, the nitrosochloride 
yields the nitrolpiperidine base C 10 H 17 (OH)NONC 5 H jo , which 
is difficultly soluble in ether, crystallizes from methyl alcohol 
in needles that melt at 159 to 160°. These data by Wallach 
refer to the derivative obtained from an optically inactive 
terpincol. The nitrol piperidide obtained from an optically 
active material melts several degrees lower, namely at 151 
to 152V) 

With aniline a tcrpineol nitrolanilide, m. p. 155 to 156°, is 
obtained. 


f'Terpineol. 

CH., 

COH 

/ \ 

UX N CH, 

H,C x /CH., 

CH 

C 

\ 

H S C CH, 

As already mentioned under «-terpineol, ^-terpineol results 
together with «-terpincol when terpin hydrate is acted upon by 
dilute acids. Thus far ^-terpineol has not been found in volatile 

*) Report of Schitnmel ft Co. October 1897, 11; Wallach, Liebig’s Annalen 
m (1908), 90. 



Alcohols. 


381 


oils. Schimmel 8j Co. 1 ) have isolated the inactive modification from 
fraction 212 to 215° of commercial terpineol by freezing. It crys- 
tallizes in needles that melt at 32 to 33°; b. p. 209 to 210° 
(752 mm.); d lfi0 0,923 (in the supercooled condition); n,^ 1,47470. 

Of its derivatives the following may here be mentioned: the 
nitrosochloride (m. p. 103 V) the nitrolpiperidine base (m.p. 108°), 
the nitrolaniline base (m. p. 1 10') and the phenylurethane (m. p. 85°). 
When oxidized with permanganate, ^-terpineol yields trihydroxy- 
terpane melting at 118°. 


7 -Terpineol. 

CH, 

I 

COH 

H..C 7 CH., 

H„C y CH, 

\/ 

C 

c 

H S C CH a 

/-Terpineol has not yet been found in nature, v. Baeyer*) 
obtained it by reducing tribrom-l,4,8-terpanc, which in time he 
had obtained by brominating dipentene dihydrobromide. 

It also results when terpin is heated with oxalic acid or 
phosphoric acid. 4 ) 

Recrystallized from ether, /-terpineol forms thick prisms 
melting at 69 to 70°, which possess the agreable odor of elder- 
blossoms. In order to identify /-terpineol, it can be converted 
into the acetate, the blue nitrosochloride of which melts at 82°. 

') Report of Schimmel ft Co. April 1901, 79; Stephan and Helle, Bed. 
Berichte 35 (1902), 2147. 

2 ) Wallach, Liebig’s Annalen 345 (1903), 128; Comp, also WalJach, 7 erpene 
u. Campher, p. 333. 

3 ) Bed. Berichte 27 (1894), 443. 

l ) Ibidem 715. 
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TerpinenoM. 

CH, 

COH 

/\ 

H.C' CH, 
h 2 Cs ;ch 


H,C— CH — CH, 

This alcohol also has not yet been found in volatile oils Of 
interest is its occurrence in the first fraction of commercial liquid 
tcrpineol. 1 ) Synthetically it was prepared by Wallach->from A-'-iso- 
propylhexenone B. p. 208 to 210"; d JK . 0,9265; n hlK , 1,4781.') 

With hydrohalogens the alcohol is converted into terpinene 
crivatives. Oxidation with dilute permanganate solution converts 
it into , J, 4-trihydroxyterpane, m. p. 120 to 121 . Further oxi- 
ation converts it into «,»'-dihydroxymethyl /sopropyladipinic 
acid m. p. 189 . When heated with acids the trihydroxyterpane 
yields a mixture of /)-cymenc and ,4'-menthenone, the setni- 
carbazone of which melts at 224 to 225 s . These compounds 
can be utilized for the identification of terpincnol-1. 


TerpinenoI-4. 

ch 3 

c 


HXi 7 ' Vh 



COH 


H 8 C- CH — CH„ 

This alcohol which in its general characteristics closely re- 
semble s n- terpineol, is derived from terpinene. It has been dis- 

x ) Wallach, Liebig's Annalen 806 (1907), 218. 

2 ) Ibidem 862 (1908), 280. 
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covered only recently. In nature it has been found in the oils 
of juniper, Ceylon cardamoms, nutmeg, marjoram and European 
wormseed. Synthetically, the active modification has been obtained 
by shaking sabinene, sabinene hydrate and thujene with dilute sul- 
phuric acid, 1 ) the inactive modification by shaking terpinene di- 
hydrochloride with dilute potassium hydroxide solution. (Comp, 
also p. 320.) 

The properties of the active modification have been recorded 
as follows: 

B. p. 209 to 212°; d lr 0,9265; ^ + 25*4'; n,.,,. 1,4785.*) 

Those of the inactive modification are: 

B.p. 212 to 214°; d 0,9290; ^,1,4803.*) 

This alcohol is known only in the liquid condition. Its odor 
is less pleasant than that of tcrpineol. When acted upon in 
glacial acetic acid solution with hydrohalogen the corresponding 
terpinene dihydrohalides result. When shaken with dilute sul- 
phuric acid terpinene terpin, m. p. 137°, results. In as much as 
this hydration is much slower than that of terpineol to terpin 
hydrate, this serves as a means for the separation of the two 
alcohols. 

Upon oxidation with dilute permanganate solution, A K it r- 
pincnoI-4 yields in the main 1 , 2, 4-trihydroxy terpane, C 10 H j; (OH) 8 . 
With its water of crystallization it melts at 116 to 117°, freed 
therefrom at 128 to 129 ; [cr] D abt. 21,5°. When distilled with 
hydrochloric acid, this compound yields carvenone (m. p. of the 
semicarbazone 200 to 201°), with little cymene.. Upon further 
oxidation with alkaline permanganate solution a mixture of 
active and inactive a,«'-dihydroxy-c-methyl-«'-/sopropyl-adi- 
pinic acid, C J0 H 1R O e , results. It melts at 205 to 206°, respecti- 
vely at 188 to 189°. Distilled with steam they readily pass 
over in the form of the volatile dilactones which melt at 63 
to 64° and 72 to 73° respectively. By more energetic oxidation 
the dihydroxy acid yields w-dimethyl acetonyl acetone as “Ab- 

*) Wallach, Liebig's Annalen 356 (1907), 215; 360 (1908), 94, 97 ; 362 
(1908), 279; Beri. Berichte 40 (1907), 594. 

*) Wallach, Liebig’s Annalen 866 (1907), 215. 

») Ibidem 350 (1906), 155. 
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bau” product. The melting point of its dioxime is 137°, that 
of its semicarbazone 201 to 202\ 

Terpinhydrate. 

CH S 

COH 


H„C; 

H,C CH, 

CH 
COH 
H.,C CH., 

From the theoretical and historical points of view, terpin- 
hydrate is an important compound. But technically also it is 
of importance as the material from which terpincol is made. 
(Comp. p. 375.) It is readily formed from turpentine oil by 
letting this stand with water containing an acid. It is charac- 
terized by a remarkable capacity for crystallization, hence it was 
observed relatively early. According to older statements, terpin- 
hydrate is said to occur in the oils of cardamom and basilicum. 
However, these statements have not been substantiated by recent 
observations. This much appears certain that the terpinhydrate 
was not present in the original oil but must have been formed 
upon prolonged standing. 

Terpinhydrate melts at 116 to 11 T. When heated, it looses 
a molecule of water with the formation of anhydrous terpin which 
melts at 104 to 105° and boils at 258" (corr.). 1 ) 

Terpin exists in two stercoisomeric modifications, namely 
a cis- and a fo3/7$-form. The cis - terpin only, however, is capable 
of yielding a hydrate. 2 ) 


’) Wallach, Liebig’s Annalen ‘230 (1885), 248. 
a ) Baeyer, Berl. Berichte *26 (1893), 2865. 
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Dihydrocarveol. 
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H,C CH, 

Dihydrocarveol, C JO H ls O, has only recently been found in 
caraway oil. 1 ) Artificially prepared it has been known for a 
longer period. Thus it has been prepared from carvone by re- 
duction with sodium and alcohol; also by the reduction of carv- 
oxime to carvylaminc which, upon treatment with nitrous acid, 
yields dihydrocarveol. 

Dihydrocarveol is a liquid which possesses the following 
properties: 

B. p. 224°; d 22 . 0,935; n„ 1,48506 (for dihydrocarveol from 
dihydrocarvylamine).*) 

B. p. 112° (14 mm.), 224 to 225° (under ord. pressure); 
d, r 0,927; n„ 1,48168 (for dihydrocarveol from carvone). 8 ) 

In the laboratory of Schimmel 8j Co. the following constants 
were observed in connection with a dihydrocarveol isolated from 
caraway oil: 

B. p. 100 to 102° (7 to 8 mm.); d Jft , 0,9368; « J) -6°14'; 
n lwl . 1,48364.*) 

Dihydrocarveol deviates the ray of polarized light in the 
same direction as does the carvone used for its preparation. 

x ) Report of Schimmel $ Co. April 1905, 20. 

2 ) Wallach, Berl. Berichte 24 (1891), 3990. 

a ) Wallach, Liebig’s Annalen 27*» (1893), fit. 

*) Report of Schimmel $ Co. April 1905, 20. 
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When oxidized with chromic acid in glacial acetic acid, 1 ) 
dihydrocarvone results (b.p. 221 to 222°; d Jn , 0,928; n lt 1,47174). 
The dihydrocarvone from tf-dihydrocarvcol is lajvogyrate, that 
from /-dihydrocarveol is dextrogyrate. The corresponding active di- 
hydrocarvoxime melts at 88 to 89°, the inactive modification at 1 15 
to 116°. This oxidation can be utilized for the identification of di- 
hydrocarvcol. For this purpose the phenylurethane is also service- 
able. The active modifications melt at 87°, the inactive one at 93 0 . 3 ) 

Iso pulegoJ. 

CH., 

CH 


HX ' ' CH., 

HX CHOI1 


CH 

C 


H,C CH., 

/sopulegol, C lo H Jh O* has not yet been found in volatile oils. 
It results from citroncllal when this is treated with acids. The 
observation made by Schimmcl $ Co. :! ) viz., when the oil of 
Barosma puldw/Jum is distilled the odor of /sopulegol is notice- 
able, is possibly referrable to this circumstance. 

/sopulegol boils at 91° (13mm.); d rfir 0,9154; (( .-2 n 40'; 
n„ 1 ,47292. 4 ) 

The acetate boils at 104 to 105° (10mm.). fi ) 

For purposes of identification, the alcohol is oxidized to 
pulegonc 8 ) and this characterized by means of its oxime (m. p. 

‘) Wallach, Liebig’s Annalen 275 (1893), 115. 

*) Wallach, ibidem 112. 

a ) Report of Schimmel $ Co. April IMS), 96. 

4 ) Tiemann and Schmidt, Berl. Berichte 211 (1896), 914. 

ft ) Barbier and User, Compt. rend. 124 (1897), 1309. 

“) Wallach, Liebig’s Annalen 3G5 (1909), 251. 
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of the active modification abt. 121", of the inactive abt. 140°), 
or its semicarbazone (m. p. of the active modifications 172 
to 173°, of the inactive 182 to 183"). 

Menthol. 

CH S 

i 

CH 

H,C CH, 

H,C CHOH 

CH 

CH 

H,C CH, 

Menthol (peppermint camphor), C M ,H, 0 0, is found in the 
peppermint oils of which the laevogyrate menthol constitutes the 
principal constituent. The oil of Hyptis suaveolens also consists 
in large part of menthol, but the direction of its optical rotation 
has not yet been ascertained. Menthol separates from pepper- 
mint oil upon cooling. If the menthol content be large the sepa- 
ration takes place even at ordinary temperature. In peppermint 
oil, menthol is likewise contained as acetate and /sovalerate, 
also as ester of an acid C s H ]2 0,. Artificially menthol is obtained 
from menthone and pulegone. 1 ) In the presence of an excess 
of hydrogen, menthone yields menthol only; if, however, solvents 
arc used which themselves do not generate hydrogen with the 
sodium, menthopinacone is also formed. Both /- and (/-menthone 
yield according to both methods, also with change of temperature, 
a strongly laevogyratc mixture from which /-menthol (m. p. 43,5") 
also a slightly dextrogyrate /'somcnthol (m. p. 78 to 81°; Hu +2°) 
can be isolated. 2 ) 


’) Beckmann and Pleissner, Liebig’s Annalen 302 (1891), 30, 32. 
8 ) Beckmann, Journ. f. prakt. Chem. II. 55 (1897), 19, 30. 


25* 
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Menthol crystallizes in colorless needles or prisms which 
belong to the hexagonal system. It is characterized by its strong, 
peppermint-like odor and cooling taste. 

Of physical constants the following arc recorded: 

M. p. 42 b. p. 211,5° (736 mm.). 1 ) 

M. p. 42,3 ; b. p. 212,5 (corr. 742 mm.); d : f 0,890 for solid 
and d 4 *;" 0,8810 for liquified menthol; [<']„ 4ll „ -- 49,86 r likewise 
for molten menthol/ 2 ) 

B. p. 215,5 (758 mm.); —43 45' for menthol in super- 

cooled condition/ 1 ) 

M. p. 43; M,,..,, —49,35 (in 20 p. c. alcoholic solution), 
— 50,59 (in 10 p. c. alcoholic solution):') n U3 . 1,4479/’) 

According to recent observations, the melting point of per- 
fectly pure menthol lies between 43,5 and 44,5 . 

Menthol is a saturated secondary alcohol. When dehydrated 
with potassium acid sulphate, zinc chloride, $c., it is converted 
mainly into the hydrocarbon C lt) H IS , .1 :1 -/?-menthene. The com- 
pounds obtained by replacing the hydroxy group by halogen 
arc liquid and little characteristic. With hydrogen iodide and 
phosphorus it is reduced to hexahydrocymene, C ln H. M1 / 1 ) With 
chromic acid mixture it is oxidized to the corresponding ketone 
C l0 H ls O, menthone. 7 ) With potassium permanganate the same 
oxidation products result that arc obtained from the oxidation 
of menthone, viz., kctomenthylic acid and ( V-methyladipic acid 
melting at 88 to 89 . As a result of these oxidation experiments 
the above-mentioned formula has been assigned to menthol. This 
formula has been strengthened by the conversion of menthone 
into 3-chlorcymene effected by junger and Klagcs/) That menthol 


*) Arth, Annal. de Chim. et Phys. VI. 7 (1886), 438. 

’*) Long, Chem. Zentralbl. 1802, II. 525. 

3 ) Power and Kleber, Pharm. Rundschau (New York) 12 (1894), 162; 
Arch, der Pharm. 232 (1894), 647, 653. 

4 ) Beckmann, Liebig’s Annalen 250 (1889), 327; )ourn. f. prakt. Chem. II. 
55 (1897), 15. 

*) Bruhl, Bcrl. Berichte 21 (1888), 457, table. 

") Berkenheim, Berl. Berichte 25 (1892), 688. 

') Beckmann, Liebig’s Annalen 250 (1889), 325. 
s ) Berl. Berichte 20 (1896), 314. 
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could be converted into cymene by heating it with anhydrous 
copper sulphate to 250 to 280 had previously been demonstrated 
by Briihl. 1 ) 

Of menthol esters a considerable number has been prepared. 
The above mentioned acetate, also the /’sovalcrate are described 
in the chapter on “Esters”. For other esters special reference 
should be had to the paper by Tschugaeff -) who has given special 
attention to their optical rotation. 

According to Monteil,* •*) ) chloral yields two liquid compounds 
with menthol, viz . , chloralmonomenthol and chloraldimenthol. 
They result upon melting together the calculated amounts of 
the components. 

Owing to the peculiar physical properties of menthol, its 
identificaton ought to afford but few difficulties. If necessary 
its phenylurethane obtained by the action of phenyl /socyanate 
on menthol may be utilized. This derivative, which was first 
prepared by Lcuckart, melts at 111 to 112 and turns the plane 
of polarized light in the same direction as does menthol. It 
can be decomposed by sodium ethylate, but the menthol is 
thereby inactivated.') 

Other derivatives by means of which menthol can readily 
be characterized, are menthylbenzoate, resulting upon heating 
menthol with benzoic acid anhydride, which is difficultly volatile 
with water vapor and which melts at 54,5 ; r ') the dimenthyl ester 
of oxalic acid, melting at 67 to 68"; the dimethyl ester of succinic 
acid, melting at 62'; the monomenthyl ester of phthalic acid, 
melting at 110 and the dimenthyl ester of the same acid 
melting at 133 ’. 

A mixture of menthol and menthonc can be separated by 
converting the latter into its oxime and shaking out the oxime 
from the ethereal solution by means of dilute sulphuric acid.") 

*) Berl, Berichte 24 (1891), 3374. 

-) Berl. Berichte 31 (1898), 364. 

•*) TUnion Pharm. Acc. to Zeitschr. d. allg. osterr. Apoth. Ver. 4$ 
(1908), 272. 

') Beckmann, ]ourn. f. prakt. Chem. II. *w (1897), 29. 

•’) Beckmann, Liebig’s Annalen 202 (1891), 31; Journ. f. prakt. Chem. 11. 
M (1897), 16. 

°) Beckmann, journ. f. prakt. Chem. II. S» (1897), 17. 
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Menthol crystallizes in colorless needles or prisms which 
belong to the hexagonal system. It is characterized by its strong, 
peppermint-like odor and cooling taste. 

Of physical constants the following arc recorded: 

M. p. 42 b. p. 211,5° (736 mm.). 1 ) 

M. p. 42,3 ; b. p. 212,5 (corr. 742 mm.); d : f 0,890 for solid 
and d 4 *;" 0,8810 for liquified menthol; [<']„ 4ll „ -- 49,86 r likewise 
for molten menthol/ 2 ) 

B. p. 215,5 (758 mm.); —43 45' for menthol in super- 

cooled condition/ 1 ) 

M. p. 43; M,,..,, —49,35 (in 20 p. c. alcoholic solution), 
— 50,59 (in 10 p. c. alcoholic solution):') n U3 . 1,4479/’) 

According to recent observations, the melting point of per- 
fectly pure menthol lies between 43,5 and 44,5 . 

Menthol is a saturated secondary alcohol. When dehydrated 
with potassium acid sulphate, zinc chloride, $c., it is converted 
mainly into the hydrocarbon C lt) H IS , .1 :1 -/?-menthene. The com- 
pounds obtained by replacing the hydroxy group by halogen 
arc liquid and little characteristic. With hydrogen iodide and 
phosphorus it is reduced to hexahydrocymene, C ln H. M1 / 1 ) With 
chromic acid mixture it is oxidized to the corresponding ketone 
C l0 H ls O, menthone. 7 ) With potassium permanganate the same 
oxidation products result that arc obtained from the oxidation 
of menthone, viz., kctomenthylic acid and ( V-methyladipic acid 
melting at 88 to 89 . As a result of these oxidation experiments 
the above-mentioned formula has been assigned to menthol. This 
formula has been strengthened by the conversion of menthone 
into 3-chlorcymene effected by junger and Klagcs/) That menthol 


*) Arth, Annal. de Chim. et Phys. VI. 7 (1886), 438. 

’*) Long, Chem. Zentralbl. 1802, II. 525. 

3 ) Power and Kleber, Pharm. Rundschau (New York) 12 (1894), 162; 
Arch, der Pharm. 232 (1894), 647, 653. 

4 ) Beckmann, Liebig’s Annalen 250 (1889), 327; )ourn. f. prakt. Chem. II. 
55 (1897), 15. 

*) Bruhl, Bcrl. Berichte 21 (1888), 457, table. 

") Berkenheim, Berl. Berichte 25 (1892), 688. 

') Beckmann, Liebig’s Annalen 250 (1889), 325. 
s ) Berl. Berichte 20 (1896), 314. 
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in the last fractions of the oil of Eucalyptus Globulus. 1 ) Arti- 
ficially it can be obtained by the action of nitrous acid upon 
pinylamine acetate or nitrate.-) 

For the alcohol isolated from eucalyptus oil Wallach records 
the following constants: 

B. p. 92° (12 mm.); d, 0 „ 0,9745; n U2r 1,49630; 
for artificial pinocarveol: 

B. p. 215 to 218°; d,,, 0,978; n 1)2(l „ 1,49787. 

For its identification the phcnylurcthanc is suited. It melts 
at 82 to 84° (a small part thereof melts at 95 1 ). 

Myrtenol. 

CCH..OH 

HC| \dt\ 

(CII S ) : C i 

H.,C\ /CH., 

\ '' 

CH 

Myrtenol, C 10 H 1(i O, is the name applied by v. Soden and 
Elze :l ) to an alcohol which they found, mostly as acetic ester, 
in oil of myrtle. 

Its acid phthalic ester melts at 116' from which the alcohol 
can be regenerated as a colorless oil possessing the odor of 
myrtle. Its constants arc: 

B. p. 220 to 221 (751 mm.), 79,5 to 80° (3,5 mm.); d 15 , 0,985; 
a„ -f 49 25'. 

Myrtenol has been examined closer by Semmler and Bartelt 4 ) 
who have found the following constants: 

B. p. 222 to 224°, 102,5° (9 mm.); d ao , 0,9763; + 45° 45'; 

n n 1,49668. 


‘) Wallach, Liebig’s Annalen 'M (1906), 227. 
‘-) Wallach, Liebig’s Annalen 277 (1893), 149. 
i( ) Chem. Ztg. 20 (1905), 1031. 

*) Berl. Berichte 40 (1907), 1363. 
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With phosphorus pentachloride, a chloride C 10 H J5 C1 was 
obtained which upon reduction with alcohol and sodium yielded 
pinenc. The above formula by Semmler and Bartelt is based on 
these facts. Upon oxidation with chromic acid, the aldehyde myr- 
tcnal C )0 h H O results (b. p. 87 to 90' under 10 mm.; d. 2(r 0,9876; 
n„ 1,50420). It is further characterized by its scmicarbazone, 
m. p. 230 n , and its oxime melting at 71 to 72°. For identification, 
myrtenol can be cither converted into the acid phthalic ester 
(m. p. 114 to 115') or oxidized to myrtenal. 

Borneo!. 

CH, 

I ’ 

C 


H,C CHOH 

CH,, C -CH, 
nx ' CH, 


CH 

As such borneol, C, (l H ls O, is found in both optically active 
modifications, as ester mostly in the tevogyrate modification. 
Borneo camphor from Dryobanalops Camphora is (/-borneol, 
Mgai camphor (or Ngai-fen) ‘) from Blumea balsamifera consists 
entirely or in part of lajvogyrate borneol. 

In addition, (/-borneol has been found in the oils of Siam 
cardamoms, nutmeg, lavender, rosemary, and spike; /-borneol in 
the oil from the buds of Pin us niaritima, also in the oils of 
thuja, citronella, Canada snake root, coriander, yellow pine, 
valerian, kesso root and feverfew. Furthermore the occurence 
of borneol is reported in a number of oils without mention of 
the direction of rotation, viz., in larch needle oil, in the oil from 
the needles and cones of Picea rubens, in cedar leaf oil, in the 

') Report of Schimmel § Co. April 1S9.), 76; April 1909, 147. 
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oils of ginger, Piper camphoriferum, camphor, cinnamon root, 
sage, thyme, golden rod, and Achillea nobilis. 

As ester borneol occurs in the oils from the leaves and 
cones (?) of Abies alba , in that of the needles of Picea excelsa, 
the oil of Pinus montana, in the German and Swedish oils of 
Pinus sylvestris (?), in the oil of hemlock leaves, in the oils of 
the needles and cones of Picea canadensis and P. rubens, in 
the oils of the needles and twigs of larix americana, in the 
oil of the twigs of Abies canadensis, furthermore in the needle 
oils of Picea nigra, Abies balsamca, Abies sibirica, Larix eu- 
ropea (?) and Callitris glauca; also in the oils of coriander, 
Satureja Thymbra, Thymus capitatus, valerian, kesso root and 
golden rod. As butyrate borneol has been found in valerian oil, 
and as /sovalerate in valerian oil and kesso root oil. 

Artificially borneol can be obtained by the reduction of d- or 
/-camphor by means of sodium in alcoholic solution 1 ) or in in- 
different solvents. 2 ) However, the borneol thus obtained is never 
pure since it consists of a mixture of borneol and /soborneol, 
the latter being probably stcreoisomeric with the former. When 
alcohol is used, less /soborneol is obtained than when indifferent 
solvents are employed. In the latter case as much as 5 p. c. 
camphor pinacone is also formed. 11 ) From the mixture of the 
two borneols, pure borneol can be obtained by converting it into 
the acetate or benzoate. Upon cooling, the borneol acetate, re- 
spectively benzoate crystallizes out and can be saponified. From 
pinene (turpentine oil) also borneol can be obtained, either as 
ester by heating with acids, e. g., benzoic acid, oxalic acid, or by 
converting the pinene into bornylchloride and subsequent change 
of this compound into borneol or into camphor and /soborneol 
(see under camphanc). 

Crystallized from ligroin, pure borneol forms shiny leaflets 
or plates belonging to the hexagonal system. 1 ) It possesses an 
odor similar to camphor but also reminding of ambra. It melts 
at 203 to 204 1 (preparations containing /soborneol melt at 206 
to 208°) and boils at 212 1 . Like camphor, borneol is volatile at 

l ) Wallach, Liebig’s Annalen 230 (1885), 225. 

-’) Beckmann, Berl. Bcrichte 21 (1888), rep. 321. 

; ) Beckmann, |oum. f. prakt. Chem. II. 35 (1897), 36. 

') Traube, journ. f. prakt. Chem. II. 49 (1894), 3. 
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ordinary temperature but not to the same degree as the former. 
According to Plowman, 1 ) the specific gravity of d - borneol is 1,011, 
that of /-borneol 1,02. 

The angle of rotation, as found by Beckmann, 2 ) is t- 37,44° 
for (/-borneol. in agreement therewith is the statement by Haller 1 ) 
who found [«]„ f- 37,63° for an alcohol regenerated from the 
crystallized acetate. For natural /-borneol, Beckmann found 
Mi> -37,74 ,*) Haller [«]„ 37,77 '.*) A somewhat higher angle 

of rotation, viz., — 39^25', was observed for the /-borneol known as 
Ngai-fvn. 1 ) The borneol found in most volatile oils is more or 
less of a racemic mixture. 

The dextrogyrate and lawogyrate modifications of borneol be- 
have alike chemically. Although borneol is a saturated alcohol, it 
forms unstable addition products with bromine and hydrohalogen :> ) 
which, however, arc not suited for purpose of identification. 
Hydrohalogcns, or better phosphorus halides, also convert borneol 
into the bornyl halides, which, however, are more satisfactorily 
prepared from pinene. As a secondary alcohol, borneol upon 
oxidation is first converted into the corresponding ketone 
C 1(l H l<( 0, camphor. A change in the direction of rotation is not 
effected thereby. When stronger or acid oxidizing agents arc 
employed, oxidation products of camphor, viz., camphoric acid, or 
those of camphene may also be produced. Toward dehydrating 
agents, such as zinc chloride and dilute sulphuric acid, borneol 
is very stable. ,! ) In this respect it behaves very differently from 
the isomeric /soborncol. When treated with phosphorus penta- 
chloridc it yields bornylchloride which upon boiling with aniline 
is converted into camphene. 

Numerous ethers and esters of borneol have been prepared. 
Some of the latter are crystalline and can be utilized for the 
identification of the borneol. The formate, acetate, valerate and 
benzoate are described in the chapter on “Esters". 

*) Pharmaceutical Journ. 33 (1874), 711. 

*) Liebig’s Annalen 250 (1889), 353; Journ. f. prakt. Chem. II. 35 (1897), 33. 

n ) Compt. rend. 109 (1889), 30; see also Haller, Compt. rend. 112 (1891), 143, 
On the influence of solvents on the angle of rotation. 

l ) Report of Schimmel $ Co. April 181)5, 76. 

*) Wallach, Liebig’s Annalen 230 (1885), 226. 

") Bertram and Walbaum, Journ. t. prakt. Chem. II. 41) (1894), 8. 
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By heating borneol with potassium hydroxide to 250 to 280°, 
Guerbet 1 ) accomplished an almost quantitative direct change to 
campholic and /socampholic acids. 

In order to determine the presence of borneol in volatile 
oils, fraction 205 to 215° is used. Upon cooling borneol not in- 
frequently crystallizes out. 

For its identification the bornylphenylurethane is prepared 
with the aid of carbanil. It melts at 138 to 1 39 *-) and is op- 
tically active in the same direction as the underlying borneol. 
The acetate melting at 29" can also be used, as well as the 
addition products of borneol with chloral and bromal. That with 
chloral melts at 55 to 56V 1 ) that with bromal at 105 to 106V 4 ) 
Finally, borneol can be oxidized with Beckmann’s chromic acid 
mixture to camphor and the latter identified by means of its 
oxime which melts at 118 to 119°. 

Occasionally it is necessary to separate a mixture of borneol 
and camphor. In such a case one can proceed according Haller’s : ’) 
method whereby the mixture is heated with succinic acid anhydride, 
thus converting the borneol into its acid succinic acid ester, the 
sodium salt of which is soluble in water and hence can readily 
be separated from the camphor. In place of succinic acid anhyd- 
ride, phthalic acid anhydride can be employed. The benzoic and 
stearic esters of borneol, which can be obtained by heating with the 
corresponding acid anhydrides, are difficultly volatile. Hence any 
camphor can be separated from these by steam distillation. On 
the other hand, camphor can be converted into its oxime and this be 
separated from the mixture by shaking with 25 p. c. sulphuric acid. 

For the quantitative determination of borneol in such a 
mixture, a very concentrated solution thereof in a suitable solvent 
(xylene) can be acctylized and the alcohol content ascertained 
by means of the ester number. 

If /soborneol be present, this can be converted into camphene 
by heating with benzoic acid, benzoic acid anhydride or stearic 


‘) Compt. rend. 147 (1908), 70; 1*S (1909), 98. 

-) Bertram and Walbaum, Journ. f. prakt Chem. II. 40 (1894), 5. 
a ) Haller, Compt. rend. 112 (1891), 145. 

') Minguin, Compt. rend. 11« (1893), 889; Bertram and Walbaum record, 
he. cit., 98 to 99 \ 

5 ) Compt. rend. 108 (1889), 1308. 
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acid and the borneol regenerated from its ester. By heating for 
1 » to Vs hour with a mixture of 20 p. c. sulphuric acid and 
80 p. c. methyl alcohol, the /soborneol only') is converted into 
the methyl ether. In order to differentiate borneol from /soborneol 
Tschugaeff’s method, based on the behavior of nitric acid toward 
the two alcohols, is well suited.-) With pure concentrated nitric 
acid, borneol develops red vapors, but pure /soborneol never. 
Oxidizing agents attack borneol more readily. It is also note- 
worthy that the derivatives of borneol arc more difficultly soluble 
than those of /‘soborneol. 

By treating camphcne hydrochloride with milk of lime, Aschan •") 
prepared a new borneol designated camphene hydrate. It 
consists of a hard, white crystalinc mass that melts at 1 42 r and 
boils at 205 . The melting point of the sublimed substance is 150 
to 151 . The odor is moldy and menthone-like. Characteristic of 
the new alcohol is the readiness with which it looses water thus 
regenerating camphcne. The loss of water results even when the 
alcohol is shaken with warm, dilute mineral acids, or when it is 
boiled with glacial acetic acid, or sometimes even upon distillation. 

hobomeo/. 

This alcohol which results together with borneol upon re- 
duction of camphor, and which, according to the latest views, 
is regarded as stercoisomeric with borneol, can also be obtained 
upon hydration of camphcne. ‘) According to Bertram and Walbaum 
it melts at 212° in the scaled tube. Its boiling point cannot be 
ascertained since the alcohol begins to sublime before the boiling 
temperature has been reached. Its phenylurethane melts at 138 
to 139 and regenerates /soborneol when treated with alcoholic 
potassa. When heated with dehydrating agents camphene results. 
The reactions by means of which /soborneol can be distinguished 
from borneol have already been discussed under the latter. 

*) Bertram and Walbaum, Journ. f. prakt. Chem. II. 49 (1894), 8; Hesse, 
Berl. Bcrichte 39 (190b), 1144. 

-) Chem. Ztg. 3B (1902), 1224. 

*) Berl. Berichte 41 (1908), 1092. 

') Bertram and Walbaum, Journ. f. prakt. Chem. II. 49 (1894), 1. 
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Thujyl alcohol 

Thujyl alcohol (tanacetyl alcohol), C 1(l H 18 0, occurs in oil of 
wormwood, in part as such, in part as esters of acetic, valeric 
and possibly also of palmitic acids. 

Artificially it was obtained by Semmler 1 ) and by Wallach 2 * ) 
by the reduction of thujone. The constitution of thujone has 
not yet been definitely ascertained. (Comp, thujone). 

Semmler 1 ) found: 

B.p. 92,5° (13 mm.); d*. 0,9249; n„ 1,4635. 

Wallach 2 ) has recorded the following constants: 

B. p. 210 to 212 ; d, ( , 0,9265. 

Thujyl alcohol reveals the properties of a secondary alcohol; 
it is readily oxidized to the ketone thujone. It is this property 
that is used for its identification. Thujone oxime melts at 54°. 


Fenchyl alcohol. 


CH S 

I ' 
C 



CH 


Fenchyl alcohol, to which Semmler has assigned the above 
formula, has thus far been found but once in a volatile oil/ 1 ) 
namely in the oil obtained by steam distillation from the stumps 
of the yellow pine or Pin us palustris several years after the 
timber had been cut. Artificially it is obtained by the reduction 
of fenchone. According to Barbicr and Grignard 4 ) fenchyl 


l ) Berl. Berichte 25 (1892), 3344. 

*) Liebig's Annalen 272 (1893), 109. 

8 ) Report of Schimmel § Co. April 1910, 107. 

<) Bull. Soc. chim. IV. 5 (1909), 512, 519. 
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alcohol results together with other alcohols when French tur- 
pentine oil is hydrated. These investigators assume that it is 
formed from the ^-pinene present, an assumption that has not 
yet been proven. 

Fenchyl alcohol obtained by reduction of fenchone is opti- 
cally active in an opposite direction from that of the ketone. 

Wallach records the following properties: 

B.p. 201"; d w .0,933; [«]„- 10,35 ;■) m. p. 45V) 

Bertram and Helle :l ) found: 

M. p. 45' ; b. p. 201 to 202' ; [4, -10,9 ’ 

The /-fenchyl alcohol isolated from yellow pine oil possessed 
the following constants: 

M. p. 33 to 35"; b. p. 202 to 203°; [«],, HT. 

An inactive product obtained by Wallach by mixing d- and 
/-fenchyl alcohol had the same melting point. 

When oxidized, fenchyl alcohol yields fenchone, when de- 
hydrated, fenchcne. 

For the identification of active fenchyl alcohol, the acid fcnchyl- 
phthalic acid ester, which melts at 145 to 145,5\ and the phenyl- 
urethane, which melts at 82 to 82,5°, arc used. Of the inactive 
derivatives the acid phthalic ester melts lower (at 143 ) and the 
phenyl urethane higher (at about 88 ) than the corresponding 
active derivatives. The oxidation to fenchone and the charac- 
teristic derivatives of this ketone may be used for identifying 
fenchyl alcohol. 


Corresponding to the aliphatic sesquiterpenes there are oxy- 
genated derivatives found in volatile oils which, judging from their 
properties, must be regarded as derivatives of this class of ses- 
quiterpenes. While they have been observed but rarely and 
though but little is known as to their constitution, it is to be 
expected that a more thorough investigation will reveal their 
more frequent occurrence. 


‘) Liebig’s Annalen 263 (1891), 145. 

2 ) Ibidem 284 (1895), 331. 

*) Journ. f. prakt. Chem. II. 61 (1900), 295. 
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ALIPHATIC SESQUITERPENE ALCOHOLS. 

Nerolidol \ C 15 H,„0, has been found in the high-boiling 
fractions of orange blossom oil. 

B. p. 276 to 277 ", 128 to 129° (6 mm.); d0,880; «„ + 13° 32V) 

While it itself possesses but a faint odor, it has the capacity 
to fix other perfumes. 

Farnesol , C ir ,H,,.0, occurs as ester in the oil of ambrette 
seeds, the oil of linden blossoms and in the flower oils of several 
species of acacia, possibly also in oil of rose. 

B. p. 160’ (10 mm.); d ls , 0,885; n„ 1,488.*) 

B. p. 149° (4 mm.); d,,.. 0,894; f',, + 07) 

Its odor is faint, reminding of that of cedarwood. Upon 
oxidation it yields the aldehyde farnesal, C, r> H 2l O, the semi- 
carbazone of which melts at 133 to 135V) 

More important than the aliphatic are the cyclic sesqui- 
terpene alcohols. As a rule the amount in which they occur 
in the oils is smaller than that of the sesquiterpenes; though 
there are oils, like the East Indian sandalwood oil, that consist 
almost entirely of sesquiterpene alcohols. Many of them are 
characterized by a marked capacity to crystallize. This is parti- 
cularly true of the tertiary compounds. Hence they occasionally 
separate from the oils in crystalline form upon standing. Formerly 
such separations were designated as “camphor”, hence some of 
the conventional names are still in use. 

For the crystalline sesquiterpene alcohols, the melting point 
serves as a characteristic constant. Their isolation from the 
volatile oils seldom affords difficulties since they can be separated 
by crystallization. In order to isolate the liquid sesquiterpene 
alcohols, fractional distillation has to be resorted to. Under 
ordinary pressure they distill at about 300 . 

Chemically, a distinction is made between primary, secondary, 
and tertiary sesquiterpene alcohols. From another point of view 
they can be classified into dicyclic and tricyclic compounds. In 

x ) Hesse and Zeitschel, |ourn. f. prakt. Chem. 11. 66 (1902), 504. 

*) Haartnann $ Reimer, G. I. P. 149603; Chem. Zentralbl. 1904, 1. 975. 

») v.Soden and Treff, Berl. Berichte 37 (1904), 1095. 
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addition, there are compounds of the formulas C Jft H 24 0 and 
C Kl H 2!i O which stand in very close relation to the sesquiterpene 
alcohols. But very little is known concerning the constitution 
of these as of the sesquiterpene alcohols. Herewith there follows 
a compilation of the representatives of this group that have thus 
far been found in volatile oils. 


DICYCLIC SESQUITERPENE ALCOHOLS. 

Santalo/s, C ls H gl O. The principal component of East 
Indian sandalwood oil (from Sanla/um album) is a mixture of 
two primary unsaturated alcohols, which have been designated 
«- and jif-santalol. The former, in all probability, is tricyclic, 
the latter dicyclic. Quantitatively the ^-compound predominates. 
For two crude santalols Semmler l ) records the following constants: 

B. p. 161 to 168° (10 mm.); d.,,, 0,973; «„ 21; n„ 1,50974; 

d l(1 0,9762; — 18 30'; n„ 1,50974. 

v. Soden-) records the following maxima and minima: 

d ir 0,976 to 0,978; « tl -16 r 30' to -20 . 

In the laboratory of Schimmel 8; Co. the following constants 
were observed in connection with crude santalol of their own 
manufacture: 

d„. 0,973 to 0,982; — 14 to -24 1 ; n Jlg(1 1,504 to 1,509, 

soluble at 20° in 3 to 4 vols. of 70 p. c. alcohol. 

For the two varieties of santalol the following constants 
have been recorded: 

«*Santa!ol: b. p. 300 to 30L (760 mm.); 162 to 163 (13 mm.); 
d r 0,9854; S -l,27) 

B. p. 301 to 302' (752 mm.), 155 (8 mm.); d jr> . 0,977; 4 ) 

^-Santalol: b. p. 309 to 310° (760 mm.), 170 to 171 " (14 mm.); 
d,, 0,9868; « n - 56°.") 

’) Bcrl. Berichte 40 (1907), 1132. 

s ) Pharm.Ztg. 54 (1909), 251. 

8 ) Guerbet, Compt. rend. 130 (1900), 132b. 

*) v. Soden, Arch, der Pharm. 23S (1900), 362. 

*) Guerbet, Joe. cit. 
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Concerning its chemical properties, santalol has been ex- 
amined thoroughly by a number of investigators. Hence a large 
number of derivatives is known. Upon oxidation with chromic 
acid, the aldehyde santalal, C 18 H,, 2 0, results, the semicarbazone 
of which melts at 230 - 1 * * 4 ) Oxidation with permanganate in acetone 
solution converts it mainly into tricyc/oeksantalic acid, 
m. p. 71 to 72V) 

The other derivatives are scarcely suited for identification 
purposes, hence are not mentioned in this connection. 

It should be mentioned, however, that santalal also is possibly 
a constituent of East Indian sandalwood oil. 

A so-called santal camphor, a compound C jr ,H 21 0 2 has been 
separated from the oil of a South Australian sandalwood (San- 
talum Prcissianum). It melts at 104 to 105 

Amyrols, C 16 H, 4 0 and C^H^O, were obtained from the 
West Indian sandalwood oil distilled from Amyris species. They 
apparently constitute mixtures of compounds possessing the above 
formulas. Upon esterification, dehydration is apt to take place. 

Betulol, C i: ,H 21 0, occurs free and as acetate in the oil of birch 
buds. B. p. 284 to 288° (743 mm.); 138 to 140° (4 mm.); d 1R0 0,975; 
« n — 35°; n n abt. 1,50179. It can be esterified quantitatively. 


TRICYCLIC SESQUITERPENE ALCOHOLS. 

Cedrol (cedar camphor, cypress camphor), C lf ,H,„0, has 
been found in oils of cedarwood (Juniperus virginiana), ]uni- 
perus chinensis (?), cypress and Origanum smyrnasum (?) as 
the dextrogyrate modification. M. p. 86 to 87 n ; b. p. 291 to 294° 
(ord. pressure), 157 to 160 n (8 mm.); [«],» + 9 *31' (in chloroform 
solution). Treated with phosphorus pentoxidc or formic acid, it 
readily splits off water, yielding cedrcne. The phenyl urethane 
melts at 106 to 1077) 


l ) Semmler and Bode, Berl. Berichte 40 (1907), 1126. 

s ) Ibidem 1133. 

*) Report of Schimmel $ Co. April 1891, 65; October 1891, 45. 

4 ) Report of Schimmel § Co. October 1906, 49; April 1910, 46. 
Gildemeistcr, Tnt volatile oiis. 26 
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Cubeb camphor ; C ir ,H 2() 0, is reported to separate from 
oil of cubeb when the latter is exposed to the air for a long 
period. It is Isevogyrate, melts at 68 to 70 c and boils at 248° 
with loss of water. This loss of water can also be brought 
about readily by other means. 

Ledum camphor ; C u H w O, has been obtained from the 
oil of Labrador tea in long, colorless needle-like prisms, melting 
at 104' and boiling at 281°. Its alcoholic solution is slightly 
dextrogyrate. It produces a toxic effect on the human organism. 
It is readily converted into the sesquiterpene ledene. 

Patchouli alcohol or - camphor , C JB H 2B 0, is an odor- 
less constituent of patchouli oil from which it separates in crystals 
that melt at 56'. It is strongly laevogyrate, [^] n — 97 r 42' (in 
chloroformic solution). Like a liquid compound from the same 
oil, which however deviates the angle of polarized light to a 
lesser degree, it readily looses water, forming patchoulene. 

AtractyloL C lft H.,„0, separates from the oil distilled from 
the roots of Atractylis ovata. M. p. 59 ; b. p. 290 to 292 
(760 mm.); 162 (15 mm.); n„ 1,51029 to 1,51101. It is distin- 
guished from patchouli alcohol by being optically inactive. The 
odor is said to remind of that of lillies of the valley. If a few 
drops of sulphuric acid be added to a chloroform solution, a 
red-brown color is produced changing to violet. This alcohol 
also readily looses water yielding atractylenc. 

Guajol , Cj 5 H, (1 0. This sesquiterpene alcohol is contained 
in the oil of the wood of Bulnesia Sarmienti and in that obtained 
from the wood known as "/pa/oe game’. 1 ) Its properties are: 

M. p. 91; b. p. 288°; < W -29,8 r . 

The properties of the compound obtained from tfajoe garoe 
deviate somewhat. Guajol does not loose water as readily as 
do some of the other sesquiterpene alcohols. When water is 
split off it yields the blue-colored guajene. 

’) Eyken, Recueil des trav. chim. des P.-B. 25 (1906), 40, 44; Chem. 
Zentralbl. lm, 1 . 841. 
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For guajyl methyl ether, obtained by the action of methyl iodide 
on guajol potassium, Gandurin 1 ) found the following constants: 

B.p. 141 to 143° (9 mm.); dj! 0,9513; df." 0,9332; l«] W0 .-31 l 81 n ; 
n, 1]hft t 1,48963. 

Matico camphor , C iri H 2B 0, formerly obtained from the 
oil of matico leaves, is no longer found in this material. It 
crystallizes in thick, hexagonal columns melting at 94"; 
[«J„ — 28,73" in chloroform solution. It looses water when 
heated for several hours with 50 p. c. sulphuric acid. 

Sesquiterpene alcohol from eucalyptus oil From 
the oil of Eucalyptus Globulus a sesquiterpene alcohol C ift H M 0 
of the following properties has been isolated: 

M. p. 88,5"; b. p. 283 (755 mm.); [«]„ — 35"29' (in chloro- 
form solution). 

When water is split off, two distinct sesquiterpenes are 
formed. 

There can be no doubt that sesquiterpene alcohols are 
widely distributed in volatile oils. A number of compounds have 
been isolated which evidently belong to this group. Thus from 
oil of juniper berries a substance melting at 165 to 166", from 
ylang-ylang oil one melting at 138°, and from the oil of Piper 
l.owong one melting at 164°. So far as the present stage of 
investigation seems to indicate, the presence of sesquiterpene 
alcohols may be suspected in the oils of Atlas cedar, Crypto - 
meria japonica, vetiver, paradise grains, paracoto bark, H ec- 
tandra Caparrapi, Maali resin, laurel leaves, camphor, copaiba 
balsam, pelargonium, neroli, angostura bark, opopanax resin, 
cascarilla, Aralia nudicau/is, asafetida, valerian, Spanish hops, 
and Blumea balsamifera. 

In this connection several alcoholic constituents of volatile 
oils with more than 15 carbon atoms in the molecule should be 
mentioned: 

Turmerol, C ltt H 3S 0, contained in oil of turmeric (b. p. 285 
to 290"; d l7 , 0,9016; [ff]„ + 33,52 ); and an 


<) Berl. Berichte 41 (1908), 4362. 


26 * 



404 


Principal constituents of volatile oils. 


Alcohol, C,,H ; ,0, isolated from the oil of Erythroxylon 
monogynum (m, p. 117 to 118°; [«] 1) + 32°28' in chloroform 
solution). This alcohol can be esterified quantitatively, the acetate 
melting at 72 to 73'. 

The fact that the sesquiterpene fractions of certain oils are 
colored blue should not fail to receive mention. This blue color 
is most intense in the fractions boiling between 275 to 300°, 
though also observable in the lower fractions. The color varies 
from the most intense indigo-blue to greenish shades. As is the 
case with chamomile oil, the oil itself may be colored strongly 
blue. Certain oils obtained by the dry distillation of resins 
reveal a similar color, as do also some of the sesquiterpenes 
obtained artificially (guajene, atractylcne). As to the cause of 
the color not the least is known. There would appear to be 
some indication, however, that it is due to the formation of oxy- 
dation products. The following list contains the names of those 
oils in which the blue color has been observed, viz., the oil of 
Piper Lowong, the oil from the berries of Piper Cubeba, the 
oil of Canada snake root, camphor oil, the oil of pichurim beans, 
Reunion geranium oil, the oils of guaiac resin, cedrella wood, 
damiana leaves, Aral in nudicaulis, Meum alhamanticum , the 
root of Pinipinella nigra , Japanese angelica root, asafetida, 
galbanum resin, sumbul root, opopanax resin, patchouli, dilem 
leaves, valerian, kesso root, chamomile, wormwood, milfoil, 
European pennyroyal, Roman chamomile, Achillea coronopi folia, 
A. moschata, and elecampane. 


ALDEHYDES. 

ALIPHATIC ALDEHYDES. 

Aside from the aldehydes citral and citronellal, which are 
to be mentioned later in this chapter and which occur rather 
frequently, the aliphatic aldehydes constitute only minor con- 
stituents of the volatile oils. In as much, however, as the charac- 
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teristic odor of some oils is dependent on the presence of small 
amounts of these aldehydes, they are, nevertheless, of great im- 
portance. Because of this property, such aldehydes as nonylic 
aldehyde and decylic aldehyde, play an important role in the 
production of synthetic oils. 

Like the corresponding alcohols, the lower members of this 
series, which are probably formed during the process of steam 
distillation, are found principally in the aqueous distillate or in 
the first distillate obtained during the fractionation of the oil. 
Their presence is frequently revealed by their pungent odor. 
They are most readily isolated by means of bisulphite. Lower 
aldehydes are contained in the oils of ginger, kesso root, saba- 
dilla, Allium ursinum, milfoil, Eucalyptus Globulus. In the 
following account brief mention is made of the aldehydes thus 
far found in .volatile oils. 

Formaldehyde , H ■ CHO, has thus far been identified with 
certainty in apopin oil. For its identification, the liquid, in which 
its presence is suspected, is evaporated with ammonia on a water 
bath. If present, the characteristic crystals of hexamethylene 
tetraminc are formed. 

Acetaldehyde , CH., CHO, has been observed rather fre- 
quently, more particularly in seed oils. It has been found in the 
oils of orris, camphor, anise, caraway, rosemary (?) and pepper- 
mint, especially when working with larger amounts of these oils. 
It is identified by means of the color reaction 1 ) with trimethyl- 
amine and sodium nitroprusside. 

Butyric aldehyde, C i5 H 7 CHO, boils at 75° and presum- 
ably occurs in the oils of Eucalyptus Globulus and cajeput. It 
can be identified by means of its /?-nitrophenylhydrazone-) which 
melts at 91 to 92°. 

Iso valeric aldehyde, C 4 H I( • CHO, can frequently be 
recognized by its disagreeable, irritating odor which causes 

x ) Rimini, Annali Farmacoterapia e Ch. 1898 , 249; Chem. Zentralbl. 
1898, II. 277. 

®) Dakin, Joum. of Biol. Chem. 4 (1908), 235; Chem. Zentralbl. 1908, IJ259. 
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coughing. It possibly occurs in the oils of cajeput, niaouli, 
Eucalyptus rostrata, E. Globulus , and cloves. In addition iso- 
valeric aldehyde has been found in American and French pepper- 
mint oil, in kesso oil (?) , and in lavender oil (?). It can be 
characterized by its oxidation to /sovalcric acid, /sovalcric aldehyde 
boils at 92 . Its thioscmicarbazone melts at 52 to 53V) 

Capronic aldehyde , C 6 H jr CHO, boils at 128° and is 
very likely contained in the oil of Eucalyptus Globulus. The 
unpleasant, irritating odor of several eucalyptus oils is probably 
due to the presence of this aldehyde as well as that of butyric 
and valeric aldehydes.-) 

n- Octylic aldehyde, C-H IS -CH0, is possibly contained 
in lemon oil. It possesses a strong odor reminding of oenanthol. 
The following properties were ascertained by Schimmel $ Co. :{ ) 
in connection with a preparation obtained by the oxidation of 
octylic alcohol and purified through the bisulphite compound: 

B. p. 60 to 63' (10 mm.); d lft , 0,827. 

Semmler 4 ) records the following constants: 

B. p. 60 to 61' (9 mm.); d, (r 0,8211; n„ 1,41955; b. p. of the 
oxime 60 ’; m. p. of the semicarbazonc 101 . 

OctylV-naphthocinchoninic acid forms small, white crystals 
which melt at 234 ". With phosphonium iodide, octylic aldehyde 
combines to a compound that melts at 115,5’. 

n-Nony/ic aldehyde , C„H J; CHO, is a constituent of the 
oil of orris root, of Ceylon cinnamon oil, of German rose oil, of 
mandarin oil, and probably also of lemon oil. The following 
constants have been observed in connection with an aldehyde 
isolated from oil of rose: 

B. p. 80 to 82° (13 mm.), d u . 0,8277; n nii .1,42452. B ) 

4 ) Neuberg and Neimann, Bcrl. Berichte (1002), 2052. 

*) Schimmei's Bericht April 1NSK, 18. 

3 ) Report of Schimmel 8j Co. April JNW, 2b. 

‘) Berl. Berichte 42 (1909), 1161. 

,ft ) Report of Schimmel $ Co. October 1900, 54. 
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Upon oxidation it yields pelargonic acid which boils at 252 
to 253°. The aldehyde is characterized by its oxime which melts 
at 69° and by its semicarbazone which melts at 100 . 

n-Decylic aldehyde , CpH^-CHO, occurs in the oils of 
lemongrass, orris root, sweet orange, mandarin, neroli, cassie 
blossoms, and coriander. Furthermore, its presence in the leaf 
oil of Abies alba seems probable. Stephan 1 ) records the fol- 
lowing constants for a decylic aldehyde isolated from oil of 
sweet orange: 

B. p. 207 to 209° (755 mm.) with slight decomposition, 93 
to 94° (12 mm.); d ir> , 0,828; n m# . 1,42977. 

For decylic aldehyde from lemongrass oil the following 
constants were observed: 

B. p. 80 to 81° (6,5 mm.); d JiV 0,8361.-) 

Characteristic are the naphthocinchoninic derivative, ob- 
tained by condensation of the aldehyde with /^-naphthylamine and 
pyrotartaric acid, and which melts at 237 ; the oxime, which 
melts at 69' ; the semicarbazone, which melts at 102 '; and the 
/ 7 -caprinic acid, which results upon oxidation and which melts 
at 30 to 3F and boils at 267 to 269° (753 mm). 

Laurinic aldehyde , C n H 28 CHO, occurs in the leaf oil of 
Abies alba and possibly also in oil of rue. At ordinary tem- 
perature it is solid. Exposed to air it oxidizes to laurinic acid 
which melts at 43°. The semicarbazone melts at 101,5 to 102,5". 


Of much greater importance than the aldehydes thus far 
enumerated are the aliphatic terpene aldehydes citral, C 10 H lfl O, 
and citronellal, C 1() H Jt ,0; also a number of aromatic aldehydes. 
The former are especially noteworthy because of their relation 
to other volatile oil constituents, more particularly the alcohols. 
Of the latter, benzaldehyde and cinnamic aldehyde occur in 
considerable amounts in some oils. 

') journ. f. prakt. Chem. II. 62 (1900), 525. 

‘■) Report of Schimmel Q Co. October 1905, 45. 
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Citral ‘) is the only aliphatic aldehyde of the formula C,„H lfl O 
that has thus far been isolated from volatile oils. It is also 
known as geranial, because of its close relation to geraniol, 
being the first oxidation product of the latter. Its occurrence in 
nature is rather common. It was first found by J. Bertram 2 ) in 
the oil of backhousia citriodora. In as much as it was shown 
to be identical with the lemon-scented constituent of oil of lemon, 
it was named citral. Larger amounts are contained in the lemon- 
grass oil as well as in the Backhousia oil just referred to. It 
occurs also in Java citronclla oil, ginger oil, kobushi oil, sassafras 
leaf oil, Japanese cinnamon oil, the oils from the fruit, bark and 
leaves respectively of Tetranthcra citrala, German rose oil, the oils 
from the leaves and twigs of the sweet orange tree and the lemon 
tree, cedro oil, West-lndian limette oil, mandarin oil, oil of sweet 
orange (?), Japanese pepper oil, may oil, oil of bay, oil of pimenta, 
the oils of Eucalyptus patentinervis , E. Staigcriana, E. vitrea (?), 
Lcptospermum iiversidgei, verbena, Nonarda citriodora, and 
melissa. In these oils citral occurs in two modifications, designated 
citral “a” and citral “b", which appear to be stereoisomeric.' 1 ) 
In practically all cases citral “a” predominates. 

From all of the oils enumerated above, citral can be isolated 
by means of its crystalline addition product with bisulphite (see 
below). From this compound, after previous purification by 
washing with alcohol and ether, citral can be obtained in a 
pure state by decomposition with alkali carbonate. 


') Concerning the history of citral see Tiemann, Berl. Berichte 81 
(1898), 3278. 

*) Schimmel’s Bericht October 1888, 17. 
s ) Tiemann, Berl. Berichte 88 (1900), 877. 
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To the extent of 30 to 40 p. c. yield citral can be obtained 
artificially by the oxidation of geraniol with chromic acid mixture. 1 ) 
In like manner the tertiary alcohol linalool (likewise nerol) yields 
the same oxidation product, since the acid, oxidizing agent first 
causes the rearrangement of linalool to geraniol. Synthetically, 
citral has been obtained by the distillation of the calcium salt 
of gcranic acid with calcium formate.’) 

Citral is a thin, light yellow liquid, which is optically in- 
active and which possesses a penetrating odor of lemon. Under 
atmospheric pressure it distils at 228 to 229' with slight decom- 
position. Its constants, as recorded by Tiemann and Semmler,*) 
are as follows: 

B. p. 110 to 112° (12 mm.); 117 to 119' (20 mm.); 120 to 
122" (23 mm.); d 1Jr 0,8972; n„ 1,4931; d, r 0,8844; n„ 1,48611. 

In addition Tiemann 4 ) records the following constants: 

For citral “a”: B. p. 1 18 to 1 19° (20mm.); d 2tt . 0,8898; n„ 1 ,4891. 

For citral “b”: B. p. 1 1 7 to 1 18 (20 mm.); d, w . 0,8888; n„ 1 ,49001 . 

In the laboratory of Schimmel $ Co. the following observations 
have been made in connection with citral carefully purified through 
the bisulphite or the hydrosulphonic acid addition products: 

For citral from lemongrass oil: 

B.p. 110 to IIT (12 mm.); d lft . 0,893; n IM70 1,49015.°) 

For citral from lemon oil: 

B.p. 92 to 93° (5 mm.); d lft0 0,8926; n l)200 1 ,48853. 

For citral from the oil of the fruits of Tctranthera citrata ; 

d U o 0,8941 ; n^ 1,8767. 

Commercial products prepared by Schimmel § Co. had the 
following properties: 

d, a o 0,892 to 0,895; n moo 1,488 to 1,489; soluble in about 
7 vols. of 60 p. c. alcohol. 

*) Tiemann, Berl. Berichte 31 (1898), 3311. 

*) Tiemann, Berl. Berichte 81 (1898), 827. 

3 ) Berl. Berichte 26 (1893), 2709. 

*) Berl. Berichte 82 (1899), 117, 120 ; 83 (1900), 880. 

5 ) Report of Schimmel $ Co. April 1H99, 64. 
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As diolefinic aldehyde citral adds two molecules of bromine, 
but does not yield a solid bromide. Toward acids and acid 
reagents it is very susceptible, being altered materially by them. 
Like many of its derivatives, it can readily be converted into 
cyclic compounds. Dilute sulphuric acid and potassium acid 
sulphate act very energetically with the formation of cymene. 1 ) 
Alkalies likewise attack citral. When boiled with potassium 
carbonate solution it is broken up into acetaldehyde and methyl- 
heptenonc, C„H 14 0.-) The same ketone results upon the oxidation 
of citral and is found accompanying the citral in lemongrass oil 
(see also under “Ketones”). 

Citral reveals all of the properties of an aldehyde. It reacts 
with the well-known reagents for aldehydes and when reduced 
with sodium amalgam in acetic acid solution it is converted into 
geraniol.*) Toward sodium acid sulphite solution it behaves in 
a peculiar manner. *) If the solution does not contain too large 
amounts of free sulphurous acid, the difficultly soluble, normal 
crystalline addition product, C„H U) CH(OH)SO. l Na, is formed 
when the aldehyde is shaken with such a solution. From this 
compound sodium carbonate and sodium hydroxide regenerate 
the citral, but not quantitatively. If, however, this crystalline 
addition product is gently heated with an excess of bisulphite 
solution, it is dissolved with the formation of a “labile” dihydro- 
disulphonic acid derivative of citral, C„ H i; ■ (S0 3 Na)., • CHO. From 
this the citral can be regenerated no longer by means of alkali 
carbonate, but by means of caustic alkali. If, however, the 
temperature is allowed to rise too high, the “labile” compound has 
been changed to a “stabile” dihydrodisulphonic acid derivative, 
which is no longer yields citral even when acted upon with caustic 
alkali. This same compound results likewise when the normal 
compound is suspended in water and subjected to the action of 
steam until it has gone into solution. If the solution of the 
“labile” citral dihydrosulphonate of sodium is shaken with citral, 

') Semmler, Berl. Berichte 24 (1891), 204. 

*) Verley, Bull. Soc. chim. III. 17 (1897), 175; Tiemann, Berl. Berichte 
82 (1899), 107. 

"I Tiemann, Berl. Berichte 31 (1898), 828. 

4 ) Tiemann and Semmler, Berl. Berichte 20 (1893), 2708; Tiemann, Berl. 
Berichte 31 (1898), 3310. 



Aldehydes. 41 1 

it is changed back to the citral hydromonosulphonate of sodium, 
C,H w (SO,Na)-CHO. 

The “labile” citral dihydrodisulphonate of sodium results 
likewise when an aqueous solution of sodium sulphite is shaken 
with citral: 

C h H u CHO + 2Na 2 SO„ + 2H,0 - C # H n (SO s Na),CHO |-2NaOH. 

In as much as the sodium hydroxide set free would re- 
generate the citral from the compound just formed, it must be 
combined with dilute acetic acid, sulphuric acid, or an acid salt 
such as sodium bisulphite or sodium bicarbonate. According 
toTiemann, 1 ) the following method may be followed: A solution 
of 350 g. of sodium sulphite, Na.,S0 8 + 7H 2 0, in 1 liter of water, 
colored red with a little phenolphthalein solution, is shaken with 
100 g. of pure citral. The strongly alkaline reaction produced 
is reduced from time to time by the gradual addition of a stan- 
dardized sulphuric acid of about 20 p. c. strength. The solution 
should always be slightly alkaline as revealed by the red color 
of the indicator. Otherwise the normal sodium acid sulphite 
addition product of citral, which is difficultly soluble, is exclu- 
sively formed and separated. 

Inasmuch as the derivatives of citral with hydroxylamine, 
phenylhydrazine, and ammonia are liquid, they cannot be utilized 
for the characterization of citral. When dehydrated with the aid 
of acetic acid anhydride, the oxime is converted into the nitrile 
of geranic acid. When acted upon by semicarbazidc, citral yields 
several well crystallizable semicarbazones.*) Under certain con- 
ditions 8 ) this mixture of scmicarbazones can be resolved into 
two compounds melting at 164" and 171° respectively. Hence 
these can be utilized for the identification of citral. (See below.) 

Moderate oxidation, e. g. with silver oxide in ammoniacal so- 
lution yields the liquid geranic acid C JO H JB 0. 2 , 4 ) the odor of which 
resembles that of the higher fatty acids. More energetic oxidation 
with chromic acid mixture yields methylheptenone which, upon 

‘) Berl. Berichte 81 (1898), 3317. 

*) Wallach, Berl. Berichte 28 (1895), 1957; Tiemann and Semmler, ibidem 
2133; Tiemann, Berl. Berichte 81 (1898), 821, 2315. 

3 ) Tiemann, Berl. Berichte 31 (1898), 3331. 

*) Semmler, Berl. Berichte 38 (1890), 3555; 24 (1891), 203. 
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further oxidation with potassium permanganate and chromic acid 
mixture, breaks up into acetone and laevulinic acid. 1 ) Because 
of these results the above-mentioned formula, corresponding to 
that for geraniol, has been assigned to citral. This formula 
agrees well with the properties of citral. 

When condensed with acetone, citral yields a ketone C JS H,„0, 
pseudoionone. When heated with dilute sulphuric acid, this ketone 
yields ionone which is isomeric with the irone of orris oil. (See 
under Ionone.) 

Inasmuch as citral possesses a penetrating odor, this will 
as a rule indicate its presence in volatile oils. For its positive 
identification, the aldehyde is separated by means of its solid 
acid sulphite derivative. Regenerated, it is then converted into 
the ^citryl-i-naphthocinchoninic acid, discovered by Doebner,*) 
by condensation with pyrotartaric acid and ( i-naphthylamine. For 
the preparation of this compound, Doebner has given the fol- 
lowing directions: 20 g. of pyrotartaric acid and 20 g. of citral 
(or of the corresponding oil) are dissolved in absolute alcohol. 
To this solution, 20 g. of ^-naphthylamine, likewise dissolved in 
absolute alcohol, are added and the mixture heated for three hours 
on a waterbath, the flask being connected with a reflux con- 
denser. Upon cooling, the citrylnaphthocinchoninic acid, which 
has separated in a crystalline form, is separated by filtration 
and purified by washing with ether. If the acid is very impure, 
it is dissolved in ammonia and precipitated from the filtered am- 
moniacal solution by means of acetic acid. The substance thus 
purified crystallizes from alcohol in yellow laminae. Doebner' 1 ) 
gives the melting point at 197°. However, it lies somewhat higher 
being found at 200° or even slightly above that temperature. 

It should be remembered, however, that, in the presence of 
but small amounts of citral or other aldehydes, a-methyl-pJ-naphtho- 
cinchonic acid is formed by the interaction of pyrotartaric acid 
and ( V-naphthylamine. This acid melts at 310° and is less so- 
luble in alcohol than is citrylnaphthocinchoninic acid. Hence it 
remains in the residue when the crude naphthocinchoninic acid 
is extracted with hot alcohol. 

l ) Tiemann and Semmler, Berl. Berichte 26 (1893), 2718. 

0 Berl. Berichte 87 (1894), 354, 2026, 

a ) Loc.cit.\ Berl. Berichte 31 (1898), 1891; Comp, ibidem 3197, 3327. 
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It should further be remembered that when other alde- 
hydes are present the corresponding naphthocinchoninic acids 
are formed. Thus Doebner found not only citryl- but also 
citronellyl-,i-naphthocinchoninic acid (m. p. 225") in fractions of 
lemon oil. 

As already pointed out, natural citral apparently consists of* 
two stercoisomeric forms, which have been designated citral “a” 
and citral “b” by Tiemann. The scmicarbazone melting at 164" 
corresponds to the former and can be prepared in accordance 
with the following directions: 

To a solution of 5 parts of citral (or of the fraction to be tested) 
in 30 parts of glacial acetic acid, a solution of 4 parts of semi- 
carbazide hydrochloride in a little water is added. After standing 
for a short time, a considerable quantity of seinicarbazone 
separates in needle-like crystals. After having been recrystallised 
two or three times from methyl alcohol, they melt at 164 '. From 
the mother liquid of this semicarbazone, the semicarbazone cor- 
responding to citral "b" and melting at 171° can be separated. 1 ) 
Mixtures of both semicarbazoncs reveal melting points varying 
from 130 to 171°. As related compounds, the thioseniicarbazone, 
melting at 107 to 108 , and the semioxamazone, melting at 190 
to 191', should be mentioned. 

Citrylidene cyanacetic acid, C tt H 15 CH:C(CN)COOH, ob- 
tained by condensation of citral with cyanacetic acid, is another 
derivative melting at 122° that crystallizes well and hence can 
be used for the identification of citral. It can be prepared 
according to the following directions: To a solution of one 
molecule of cyanacetic acid in three times its weight of water, 
two molecules of sodium hydroxide (as 30 p. c. sodium hydroxide 
solution) and one molecule of citral are added. If the citral be 
pure, it will dissolve without turbidity upon shaking. If the solution 
be turbid it is shaken out with ether. From the clear solution 
the citrylidene cyanacetic acid is precipitated by means of acids. 
It separates either in crystalline form or as an oil that readily 
congeals. Recrystallized from the benzene solution to which 
ligroin has been added, it is obtained in short, yellow crystals. 2 ) 


») Tiemann, Berl. Berichte 31 (1898), 3331; 32(1899), 115; 38(1900), 877. 
*) Tiemann, Berl. Berichte 31 (1898), 3329. 
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In as much as citral “b" condenses more slowly than does 
citral “a”, this method can be utilized for the separation of both 
modifications. Citrylidene cyanacetic acid “a” melts at 122", the 
“b”-variety at 94 to 95 .‘J 

Still another solid condensation product of citral is obtained 
with acetyl acetone. It is obtained by condensing 15,2 g. citral 
and 20 g. of acetyl acetone at room temperature with the aid 
of piperidine. After standing for three days the entire reaction 
mass congeals to a crystalline magma. Recrystallized from 
a mixture of alcohol, ether and ligroin, citrylidene bisacetyl- 
acetone is obtained in light yellow wart-like crystals that melt 
at 46 to 487’) 

Ticmann 3 ) recommended that the presence of citral be est- 
ablished by condensing it with acetone to pseudo ionone and 
by identifying this by means of its semicarbazone. This method, 
however, is more complicated than the preparation of citryl 
naphtliocinchoninic acid which is, therefore, given the preference. 

A method for effecting the separation of citral, citroncllal, and 
mcthylheptenonc is given under the two last-mentioned compounds. 


Citronellal. 


or 


H, C 
H,C 
H :( C 
H.,C 


C • CH., ■ CH., • CH., • CH ■ CH tt • CHO 

... I 

CH, 

C : CH ■ CH., ■ CH., • CH ■ CH., • CHO 

I 

CH, 


The second aliphatic terpenc aldehyde with ten carbon atoms 
that is found in volatile oils is the citronellal, C M ,H 1K 0. It occurs 
occasionally as companion to citral, of which it is the dihydro- 
derivative. Differing from citral, citronellal is optically active. 
However, with but one exception, it has been found in the dextro- 


‘) Tiemann, Berl. Berichte SS (1900), 880. 

s ) K. Wedemeyer, Ober Kondensationen mitte/st uromutischer Basen usw. 
Inaug. Dissert, Heidelberg 1897. p. 24. 

:l ) Berl. Berichte 31 (1898), 822. 
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gyrate modification only. It is probable that whenever citronellal 
is found with a low angle of rotation it is a mixture of both 
active modifications. 

</-Citronellal has been found in citronella oil, in the oils of 
Barosma pulchellum, Eucalyptus maculata var. citriodora, E. 
dealbata, and of balm; /-citronellal in “Java lemon olie”. With 
certainty the presence of citronellal has been ascertained in 
the oil from the bark of Tetranthera polyantha var. citrata, but 
its angle of rotation has not been recorded. Its presence in oil 
of lemon and in mandarin oil is still doubtful. 

In as much as citronellal can be separated by means of 
its crystalline bisulphite compound, its isolation from oils con- 
taining a large percentage of aldehyde, such as citronella oil 
and oil of Eucalyptus maculata, offers no difficulties. Since 
citronellal is very susceptible towards acids as well as toward 
alkalies, alkali carbonate is used to decompose the bisulphite 
compound. Artificially citronellal has been obtained upon oxi- 
dation of the primary alcohol citronellol C lw H 20 O; however, 
the yield is even smaller than when gcraniol is oxidized to 
citral. In this manner the /-citronellol from rose oil is conver- 
ted into /-citronellal, which has been designated rhodinal by 
Bouvcault. 

Upon the ring cleavage of menthoxime to aliphatic com- 
pounds Wallach obtained an aldehyde C 10 H JS 0 which he desig- 
nated “Menthocitronellar, and which closely resembles the 
natural citronellal, but is not identical with the latter. 1 ) 

According to Ticmann and Schmidt 2 ) citronellal boils at 
205 to 208° under atmospheric pressure and at 103 to 105' under 
a pressure of 25 mm.; d j; , ft , 0,8538; n„ 1,4481; mol. refr. 48,29, 
computed for C 10 H iN O 47,92. 

For a citronellal regenerated from a recrystallizcd sodium 
acid sulphite double compound, Tiemann !{ ) records the following 
constants: 

B. p. 203 to 204'; 89 to 91° (14 mm.); d 1M 0,8554; n n 1,4461; 
mol. refr. 48,00. 

J ) Liebig’s Annalen 27H (1894), 317; 2W (1897), 131. 

-) Berl. Berichte 29 (1896), 905. 

3 ) Berl. Berichte 32 (1899), 818. 
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As angle of rotation, Kremcrs 1 ) recorded [«] T) + 8,18°. Later 
[«]„ + 12 30' was observed for a preparation purified by means 
of its acid sulphite derivative.-) 

In the laboratory of Schimmel $ Co. the following constants 
were observed in connection with products obtained on a com- 
mercial scale: 

B. p. 205 to 208° (ord. pressure); 72 to 73" (4,5 mm.); 
d u 0,855 to 0,860; «„-| 10 to +11 ; n mr 1,444 to 1,449; 
soluble in 5 to 6 vols. of 70 p. c. alcohol. 

Citroncllal isolated from “java lemon olie” revealed the 
following properties: 

B.p. 205 to 208’; d 1<v , 0,8567; « 1) ~3' , ; n ]m » 1,44791 .*) 

Citroncllal is an unsaturated aldehyde with one double bond. 
When reduced in alcoholic solution, that is kept slightly acid 
by the addition of acetic acid, with sodium amalgam it is con- 
verted into the primary alcohol citronellol, C l0 H 20 O. 4 ) Like 
citral, citronelial is very susceptible toward alkalies and acids. 
Whereas citral is broken up into acetaldehyde and methyl- 
heptenone when treated with alkali, citronelial resinifics. In 
contact with acids citral loses the elements of a molecule of 
water and yields cymcnc; whereas citronelial is converted into 
an isomeric compound, the /sopuJcgor’) C 10 H ls O (comp. p. 386). 
This alcohol, which is likewise isomeric with pulegol, is obtained 
upon reduction of pulegone, and can be oxidized to the ketone 
/sopulegone, C J0 H, (( O, which can be inverted to natural pulegone. 
According to Harries and Rocder,") the scmicarbazones of /$o- 
pulcgone melt at 173 (^-modification) and 183° (^-modification). 
This ring-formation of citronelial to /sopulegone takes place very 
readily, so that commercial citronelial, at least when purified 
through the bisulphite compound, always contains /sopulegol. 7 ) 

*) Americ. chem. journ. 14 (1892), 203. 

*) Tiemann and Schmidt, be. cit. 

a ) Report of Schimmel $ Co. April 1903, 22. 

‘) Tiemann and Schmidt, Berl. Berichte 29 (1896), 906. 

ft ) Tiemann and Schmidt, Berl. Berichte 29 (1896), 913; 30 (1897), 22. 

’■) Berl. Berichte 32 (1899), 3367. 

7 ) Tiemann, Berl. Berichte 32 (1899), 825; Labbe, Bull. Soc. chim. III. 21 
(1899), 1023. 
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The change to /sopulegol can also be utilized for the quantitative 
determination of citronellal. For this purpose compare the chapter 
“The examination of volatile oils”. 

Toward sodium acid sulphite, citronellal behaves similar to 
citral. In addition to the crystalline normal double compound 
with one molecule of NaHSO.,, in which the bisulphite has been 
added to the aldehyde group, it also yields hydrosulphonic acid 
derivatives with one or two molecules of NaHSO.,. In these 
latter compounds the sodium acid sulphite molecule is added to 
the double linkage between carbon and carbon. However, if two 
molecules are added, one must necessarily add to the aldehyde 
group, there being but one double linkage between carbon and 
carbon. 1 ) It is from the first-mentioned compound only that 
citronellal can be regenerated, whereas it cannot be regenerated 
from the hydrosulphonic acid derivatives by either sodium car- 
bonate or alkali hydrate. With neutral sulphite, citronellal like- 
wise reacts with the formation of a non-dccomposable hydro- 
sulphonic acid derivative. However, the reaction then only 
takes place when a strong current of carbon dioxide is passed 
into the mixture or if a sufficient amount of some other acid 
is added. This behavior of citronellal can be utilized for its sep- 
aration from citral, which combines with neutral sulphite without 
addition of acid. Care must be taken, however, to neutralize the 
sodium hydroxide as it is liberated. 

Another method of separation is based on the property of 
the citronellal to combine only with a concentrated solution of 
sodium sulphite and sodium bicarbonate, whereas citral also 
combines with dilute solutions.-) 

Since mcthylheptenonc does not combine with even a con- 
centrated solution of sodium sulphite and sodium bicarbonate, 
this reagent also serves as a means to separate citronellal from 
any admixture of mcthylheptenonc. 3 ) 

As with citronellol, so with citronellal, there is a difference 
of opinion concerning the identity of the products from different 
sources. Whereas e. g. Tiemann and Schmidt, also Schimmel § Co., 


>) Tiemann, Berl. Berichte HI (1898), 3305. 
*■) Tiemann, Berl. Berichte 32 (1899), 815. 
3 ) Ibidem 834. 
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regarded them as identical, Barbier and Bouveault 1 ) claimed them 
to be isomeric. They state that citronellal from citronella oil has 
a different constitution (the first formula, p. 414) from that ob- 
tained upon the oxidation of citronellol from rose oil (the second 
formula, p. 414). To the latter they apply the name “rhodinal”. They 
base their claims on the rearrangement of rhodinal to menthone, 

CH, CH, 

CH CH 


H,C 

CH, 

H,C' 

CH, 

H,C 

CHO 

H,C » 

CO 


CH 


CH 

H,C - 

C ~ CH., 

H,C 

CH — CH, 

Rhodinal. 

Menthone. 

whereas citronellal rearranges itself to /'sopulegol. 


CH,, 


CH, 


CH 


CH 

H,C 

CH, 

HX; 

CH, 

HXn 
- \ 

CHO 
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H,C\ 

' \ 

CHOH 

k / 


CH, 


CH 

i 

HX- 

C — CH, 

H,C — 

C-CH # 


Citronellal. /sopulegol. 

The change of rhodinal to menthone is regarded as non-proven 
by Tiemann and Schmidt.-) According to the examinations of 


*) Compt. rend. 122 (1896), 737; Bouveault and Gourmand, ibidem 188 
(1904), 1699; Bouveault, Bull. Soc. chim. HI. 23 (1900), 458. 

*) Bert. Berichte 80 (1897), 38. 
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these investigators, the rhodinal semicarbazone described by 
Barbier and Bouveault is a mixture of racemic citronellal semi- 
carbazone and little /sopulegone semicarbazone, whereas their 
supposed menthone semicarbazone is racemic /sopulegone semi- 
carbazone. When hydrolyzed with hydrochloric acid, /'sopulegone 
is regenerated which has an odor resembling that of menthone. 
It is on this that the erroneous assumption of the French scientists 
is said to be based. 

The observations made by Harries and Himmelmann, 1 ) while 
studying the action of ozone on citronellal, seem to indicate 
that the latter is not a chemical unit but a mixture of two iso- 
meric aldehydes to which the two formulas, given at the 
beginning of this chapter, may be assigned. In the commercial 
products from different sources, the ratio of these two isomers 
varies. This assumption would seem to throw light on much 
that was previously little understood. 

When carefully oxidized with silver oxide, citronellal yields 
the corresponding oily citroncllic acid,'-) C J0 H ls O a . Energetic 
oxidation yields the same products obtained from citronellol, 
viz., acetone and ,7-mcthyladipic acid. ;: ) With hydroxylamine, 
citronellal yields a liquid oxime which when dehydrated, yields 
the nitrile of citroncllic acid. 4 ) The phenylhydrazone is likewise 
oily. So far as present observations go, the semicarbazone ob- 
tained with semicarbazide is a chemical unit and hence is well 
suited for the identification of citronellal. It is obtained quanti- 
tatively when an alcoholic solution of the aldehyde is shaken with 
a solution of semicarbazide hydrochloride and sodium acetate. 
When recrystallized from chloroform or ligroin it is obtained in 
white laminae which melt at 82,5V) The racemic modification 
melts at 96°, the thiosemicarbazone at 54 to 55°. 

Like citral, so citronellal yields with pyrotartaric acid and' 
,^-naphthylamine a naphthocinchoninic acid, 6 ) which can be utilized 

') Berl. Berichte 41 (1908), 2187. 

*) Semmler, Berl. Berichte 24 (1891), 208 ; 26 (1893), 2256. 

8 ) Tiemann and Schmidt, Berl. Berichte 29 (1896), 908. 

4 ) Semmler, Berl. Berichte 26 (1893), 2255. 

ft ) Tiemann and Schmidt, Berl. Berichte 80 (1897), 34; Tiemann, ibidem 
81 (1898), 3307. 

fl ) Doebner, Berl. Berichte 27 (1894), 2025. 
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for purposes of identification. It is prepared like the correspon- 
ding citral derivative. The crude r'-citroncllyl- ^-naphthocinchoninic 
acid is recrystallized from alcohol containing hydrogen chloride. 
The hydrochloride is dissolved in ammonia and the ammonium 
salt decomposed by acetic acid. The compound thus purified 
crystallizes from dilute alcohol in colorless needles that melt 
at 225 . When heated beyond its melting point, the acid splits 
off carbon dioxide and is converted into citroncllyl-^-naphtho- 
quinoline, a base that crystallizes from dilute alcohol or ligroin 
in the form of needles with a silky lustre and melts at 53'. 

More rapid, however, than the identification by means of the 
naphthocinchoninic acid, is that by means of the semicarbazone 
(see above). 

Upon condensation with acetone, citronellal yields citroncllyl- 
idenc acetone which yields a semicarbazidc-semicarbazone that 
melts at 167 .') Citronellylidcne cyanacctic acid,-) prepared like 
the corresponding citral compound, melts at 137 to 138 and 
yields a characteristic, difficultly soluble sodium salt that can be 
utilized for the separation of citral. 


CYCLIC (AROMATIC) ALDEHYDES. 

Benzaldehyde. 

CH 


HC 

CH 

HC 

CH 


C 

I 

CHO 

Benzaldehyde occurs rather frequently in volatile oils. Its 
existence in these oils is due to the presence, in parts of plants, 

') Rupe and Lotz, Berl. Berichte 30 (1903), 2796; Rupe and Schlochoff, 
ibidem 4377. 

-) Tiemann, Berl. Berichte 32 (1899), 824. 
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of certain glucosidcs which, upon hydrolysis, yield benzaldehyde, 
hydrocyanic acid, and glucose. Such glucosides are amygdalin, 
laurocerasin, prulaurasin and sambunigrin. 

Bitter almond oil consists almost entirely, wild cherry bark 
oil and cherry laurel oil in large part of benzaldehyde. Its presence 
has also been established in the oils of Ceylon cinnamon and 
cinnamon leaf, in indigofera oil, in the oils of Roman and French 
cassie blossoms, in ncroli oil, niaouli oil, patchouli oil, 8jC. Almost 
invariably hydrocyanic acid is present with the benzaldehyde. 
(Compare under hydrocyanic acid where the names of all plants 
yielding benzaldehyde and hydrocyanic acid upon distillation arc 
recorded.) 

As first material for the artificial preparation of benzaldehyde, 
toluene, C„H R CH„, from coal tar is used. This hydrocarbon is 
chlorinated to either benzylchloride, C„H r ,CH.,CI, or benzal- 
chloride, C„H fl CHCI gl and the chlorides are converted into benz- 
aldehyde. 

Benzaldehyde is a colorless liquid and has the characteristic 
odor of moistened comminuted almonds. Contrasted with bitter 
almond oil containing hydrocyanic acid, it is comparatively harm- 
less. 1 ) It is readily soluble in the ordinary solvents and is dissol- 
ved even by water in the ratio of about 1 : 200. It is reported to 
boil at 179*. The following constants have been observed in the 
laboratory of Schimmel $ Co.: 

B. p. 177,3 (733 mm.), 45 r (5 mm.); d J>v . 1,050 to 1,055; 

Hh O '; n I)M , 1,544 to 1,546; soluble in 8 vols. of 50 p. c., 2,5 
to 3 vols. of 60 p. c., and 1 to 1 ,5 vols. of 70 p. c. alcohol. 

Of the numerous derivatives that have been prepared, par- 
ticularly in condensation reactions, the following may serve for 
the identification of benzaldehyde: the acid sulphite addition 
product, the semicarbazonc melting at 214° and the phcnyl- 
hydrazone melting at 156 Atmospheric oxygen readily oxidizes 
benzaldehyde to benzoic acid which frequently crystallizes out 
when bottles are not completely filled with the aldehyde. The 
addition of 10 p. c. alcohol retards this oxidation, the addition 
of a smaller amount accelerates it. 2 ) 

*) Report of Schimmel £j Co. October 1893, b. 

-■) Report of Schimmel § Co. April 1895, 12. 
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Because of its method of preparation, artificial benzaldehyde 
almost invariably contains more or less chlorinated products, 
which impair its odor. Hence these render it unsuited for per- 
fumery purposes and for the production of liqueurs. However, 
by means of careful purification, artificial benzaldehyde can be 
made absolutely free from chlorine. A good product should, 
therefore, be free from chlorine and the absence of halogen should 
be ascertained by proper tests. (Compare the chapter: "The 
examination of volatile oils”.) 


Cuminic aldehyde. 

CHO 

I 

C 


HC 

CH 

HC 

/CH 


c 

I 

H..C-CHCH., 

Cuminic aldehyde (/w'sopropyl benzaldehyde, cuminol) has 
been observed repeatedly in volatile oils. It is the principal con- 
stituent of oil of cumin and has also been found in the oils of 
boldo leaves, Ceylon cinnamon, myrrh, cassie blossoms, Eucalyp- 
tus htvmastoma, E. hemiphloia, E. odorata, E. oleosa, E. popufi- 
fera, and water hemlock. 

Cuminic aldehyde purified through the acid sulphite addition 
product has the following properties: 

Sp.gr. 235,5°; d J4 0,9818; « ]( ±0V) b. p. 232' (760 mm.), 
109,5" (13,5 mm.);-) d J;r 0,972. l * 3 ) 


l ) Journ. chem. Soc. «« (189b), 1 199. 

’) Anschutz and Reitter, Die Destination unter vermindertem Druck. 

p. 73. 

:l ) Kopp, Liebig's Annalen 1M- (1855), 319 
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The semicarbazone of cuminic aldehyde melts at 210 to 211°, 
the phenyl hydrazone at 126 to 127', the oxime at 58 to 59". 
Upon oxidation it yields cuminic acid which melts at 115 . 


Phenylacetic aldehyde . 

CH 

/ v, 

HC 7 ' CH 

HCv CH 

\ 

C-CH,-CHO 

Although this aldehyde has not yet been found in a volatile 
)il, it may be mentioned here since it finds application in per- 
umery on account of its hyacinth-like odor. It can be prepared 
n one of several ways. Phenyl-«-chloro lactic acid, phcnyl-r?- 
)romo lactic acid or «-bromo styrene arc commonly used as 
starting point. 

Pure phenylacetic aldehyde is a colorless liquid of an exccc- 
lingly intensive hyacinth-like odor. In contact with the skin it 
:olors the latter yellow. Radziszewski ‘) enumerates the bl- 
owing constants: 

B. p. 205 to 207 '; d 1,085. 

Schimmcl $ Co, have determined the following constants: 

B. p. abt. 75" (5 mm.); d I>v , 1,0315 to 1,0521; « n -f-0°; n I)20 , 
,52536 to 1,53370; soluble in about 3 vols. of 70 p. c. alcohol. 

Phenylacetic aldehyde oxidizes readily to phenylacetic acid. 
)xidized with nitric acid it yields benzoic acid. It manifests a 
lecided tendency to polymerize, hence it is difficult to preserve 
t unchanged. It should be tested for halogen, the presence 
if which would indicate insufficient purification. (Compare 
he chapter “The examination of volatile oils”, under benz- 
ldehyde.) 


») Berl. Berichte » (1876), 372. 
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Cinnamic aldehyde. 

CH 


HC ' CH 

HC CH 

CCH:CHCHO 

Cinnamic aldehyde occurs in Ceylon cinnamon oil, in cin- 
namon leaf oil, cinnamon root oil, Japanese cinnamon oil, oil of 
myrrh, oil of cassia and oil of patchouli. 

Artificially it is obtained by the condensation of bcnzaldehyde 
with acetic aldehyde. 

It is a yellow liquid possessing a characteristic cinnamon- 
like odor. Products made by Schimmcl 2j Co. revealed the 
following properties. 

B. p. under atmospheric pressure abt. 25 2° with partial decom- 
position, 128 to 130 (20 mm.), 118 to 120 (10 mm.); d 15 , 1,054 
to 1,058; tt u -f-0"; its index of refraction, n JISW 1,61949/) is the 
highest observed in connection with volatile oils. When cooled, 
it congeals to a solid, light yellow mass that melts at —7,5'. 
It is soluble in about 25 vols. or more of 50 p. c. alcohol, also 
in about 7 vols. of 60 p. c. alcohol and in 2 to 3 vols. of 70 p. c. 
alcohol. In petroleum ether it is practically insoluble. 

Cinnamic aldehyde reacts with both acid and neutral sul- 
phite. When it is to be separated by means of the bisulphite 
addition product, an excess of the bisulphite solution should be 
avoided since a second molecule will combine with the formation 
of the water-soluble C„H r ,- C.H,,(SO : ,Na) • CH (OH) • SO.,Na. Other 
derivatives that are suited to the identification of cinnamic alde- 
hyde arc the semicarbazone, m. p. 208 p , the phenylhydrazone, 
m. p. 1 68". Furthermore cinnamic acid, which is formed even 
by the action of atmospheric oxygen, and its oxidation products 
bcnzaldehyde and benzoic acid. 

In connection with artificial cinnamic aldehyde care should 
be taken that it be free from chlorine, since the presence of 


‘) Bruhl, Liebig's Annaien (1886), 18, 31. 
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chlorine is an indication of insufficient purity. For the detection 
of chlorine, also for the quantitative determination of cinnamic 
aldehyde compare the chapter “The examination of volatile oils”. 


In addition to the aromatic aldehydes already mentioned, 
a number of others should be enumerated in which benzene 
hydrogen has been replaced by hydroxy or alkyloxy groups. 
Although widely distributed in the vegetable kingdom, they occur 
in small amounts only. In as much as they possess valuable 
properties as perfumes, most of them arc also prepared syn- 
thetically, hence there exists an extensive patent literature. 


Salicylic aldehyde. 
CH 



HC /COH 


C-CHO 

Salicylic aldehyde (o-hydroxybenzaldehyde) has been found 
in the oils of Spiraea (S. Ulmaria, S. Filipendula, S. digitata, 
S. lobata), in the leaves of Homalium tomentosum, in Cordia 
asperrima (?), and in the oil of Crepis feetida. 

Formerly it was obtained by the oxidation of saligcnin pre- 
pared from willow bark. At present it is produced according 
to the well-known synthesis of Reimer and Ticmann 1 ) by the 
action of chloroform and aqueous alkali on phenol. 

According to Perkin,-) salicylic aldehyde boils at 197 . Its 
sp. gr. is d IR0 1,1698. In the ordinary solvents it is readily soluble, 
and but slightly in water. The latter solution is colored a deep 
violet by ferric chloride. 

For the purpose of isolating salicylic aldehyde, its phenol 
nature (solubility in alkali) as well as its aldehyde character 


*) Berl. Berichte 0 (187b), 824. 

') |ourn. chem. Soc. (189b), 1200. 
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(acid sulphite addition product) can be utilized. When reduced it 
yields saligenin, m. p. 86", when oxidized salicylic acid, m. p. 155 to 
156 \ The oxime melts at 57 \ the phenyl hydrazone at 96°. 

Salicylic aldehyde is of special importance as the starting 
point in the manufacture of coumarin. 

Anisic aldehyde. 

CCHO 

HC CH 

HC\ CH 

COOL 

Anisic aldehyde (/nnethoxy benzaldchyde), also known as 
aubepinc, results upon oxidation of anethol. Hence it is found 
in old, anethol-containing oils, such as anise oil, staranise oil and 
fennel oil. Its presence has likewise been demonstrated in the 
extract of Tahiti vanilla, and in Roman and French cassic blossom 
oils. The odor of the flowers of Cratxgus Oxyacantha, Pvrus 
communis, Sorbus Aucupnria, Viburnum Tinus, and Lrica 
arborea, would seem to indicate 1 ) that anisic aldehyde is contained 
in them, but as yet no chemical proof has been brought forward. 

Artificially, anisic aldehyde is prepared by the oxidation of 
anethol by means of nitric acid or chromic acid mixture, or by 
methylation of p - hydroxy benzaldchyde. When purified by means 
of the acid sulphite addition product, anisic aldehyde is a colorless 
liquid which boils at 248 (corr.). 2 ) Its odor resembles that of 
the flowers of Crat.vgus Oxyacantha. The properties of anisic 
aldehyde, as prepared on a large scale, have been determined 
by Schimmel $ Co.: 

B. p. 91 (4 nun.); d lfi , 1,126 to 1,129; 1-0 ; n I>20o 1,572 to 

1,574; soluble in 7 to 8 vols. of 50 p. c. alcohol. The aldehyde 
can be characterized by means of its oxidation to anisic acid 

') Report of Schimmel ft Co. October IMS, 20; Verschaffelt, Chem. 
Weckblad Mo. 25, 1; Report of Schimmel ft Co. October 190S, 161. 

’) Perkin, ]oum. chem. Soc. (1896), 1200. 
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(m. p. 184°) into which it passes over when improperly kept. Further- 
more, by means of its semicarbazone (m. p. 203 to 204 ), or of its 
oximes, of which one modification melts at 63', the other at 132 . 

p- Me th oxycinnamic aldehyde. 

COCH a 

HC " CH 
HC\ CH 

C-CH : CHCHO 

/j-Methoxycinnamic aldehyde (/>-cumaric aldehyde methyl ether) 
has been found in esdragon oil by Daufresne. 1 ) Its constants are: 

B. p. 170 (14 mm.); d () , 1,137. The semicarbazone melts at 
222 , the oxime at 154 . 

The bisulphite addition product is not readily decomposed. 
When oxidized with potassium permanganate in acid solution, 
anisic acid results. Silver oxide oxidizes it to p -\ nethoxy cinnamic 
acid (m. p. 170). 

The aldehyde is identical with the artificial product prepared 
by Scholtz and Wiedemann.-) 

o-Methoxycinnamic aldehyde. 

CH 

HC CH 

HC . COCH.J 
C-CH: CHCHO 

o-Methoxycinnamic aldehyde (o-cumaric aldehyde methyl 
ether) occurs occasionally as stearoptenc in the oil of the Chinese 

') F.tude de /’essence d'estragon et do que/ques ddrivds de I’estragol. 
These, Paris 1909; Compt. rend. 14-% (1907), 875; Bull, des Sciences pharma* 
cologiques, January 1#0\ 11; Heport of Schimmel $ Co. April 1WW, 49. 

•) Berl. Berichte U (1903), 853. 
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cinnamon cassia’) and separates in solid form from the last 
fractions of cassia oil. M. p. 45 to 46 ; b. p. abt. 295* with 
partial decomposition, 160 to 161 under 12 mm. pressure. It 
dyes the skin intensively yellow and is readily decomposable even 
away from air and light. Oxidation with permanganate converts 
it into methyl salicylic acid, m. p. 99 , which when boiled with 
hydriodic acid is converted into salicylic acid. With silver oxide 
it yields ^-mcthylcumaric acid which melts at 182 to 183 . The 
oxime melts at 125 to 126 , the phenylhydrazone at 116 to 117'. 

Vanillin. 

CCHO 

HC- CH 

H(\ C-OCH, 

COM 

Vanillin, the methyl ether of protocatcchuic aldehyde, occurs 
widely distributed in the Vegetable Kingdom but mostly in very 
small amounts. Moreover, in the living plant it docs not appear 
to occur as such, but is presumably the product of fermentation 
of a glucoside. It is the characteristic constituent of vanilla 
beans. It has also been found in the flowers of IS igritella 
simeolens, in the oil of Spirwa Ulmaria, in Peru balsam, and 
in oil of cloves. It appears to be contained in the wood substance 
of numerous plants and can frequently be recognized by means 
of its characteristic agreeable odor, especially after proper pre- 
liminary treatment of the material to be tested. Of plants and 
plant materials in which its presence may be assumed, the 
following may be mentioned: Siam benzoes, Asa fetida, um- 
belliferous opopanax, the rosin of species of larch, mate, potato 
skins, fresh linden bark, cork, bulbs of dahlia, asparagus shoots, 
crude beet sugar, and the aqueous extract of the seed of Lupinus 
. 7 Ibus. Traces of vanillin can also be obtained from the sulphite 
wastes of the manufacture of cellulose, also from saw-dust by 
heating it under pressure with water to 180°. 

’) Bertram and Kursten, Journ. f. prakt. Chem. II. '»! (1895), 316. 
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Artificially vanillin was first obtained from coniferin, a glu- 
coside found in the cambial juice of conifers. 1 ) Other methods 
have been devised since then. At present it is obtained prin- 
cipally by the oxidation of /soeugenol. 

Vanillin constitutes colorless, prismatic needles which are 
readily soluble in the common organic solvents. It is also readily 
soluble in boiling water, but difficultly soluble in cold water. Both the 
aqueous and alcoholic solutions are colored blue by ferric chloride. 
Its melting point is usually recorded as 80 to 81°. Schitnmcl § Co., 
however, observed 82 to 84° in connection with pure preparations. 
When carefully heated it sublimes without decomposition. It boils at 
285° (in a current of carbon dioxide), or at 1 70" under 1 5 mm. pressure. 

Of crystalline derivatives the following may be mentioned: 
the methyl ether, m. p. 42 to 43"; the ethyl ether, m. p. 64 to 65 ; 
the acetyl derivative, m. p. 77"; the benzoate, m. p. 75 ; and the 
oxime, m. p. 121 to 1 22". Upon oxidation its yields vanillic acid, 
m. p. 207". Its isolation can be accomplished by means of alkali 
bisulphite, /?-bromphenyIhydrazinc or w-nitrobenzylhydrazine. For 
the quantitative determination of vanillin compare the chapter 
"The examination of volatile oils”. 

In commerce vanillin is frequently found adulterated. The 
following list of substances has thus far been found as adulter- 
ants, viz., acet/socugcnol, antifebrine, benzoic acid, coumarin, 
terpin hydrate, and sugar. The melting point, its solubility in 
water, alcohol and ether, and its behavior toward acid sulphite 
are the principal criteria in testing vanillin for its purity. 

Heliotropin. 

CCHO 

HC 7 ‘ CH 

HC' CO 

\ 

\ ! 

CO CH, 

Heliotropin, also known as piperonal, is the methylene ether 
of protocatechuic aldehyde. It has been observed but once in a 

*) Tiemann and Haarmann, Berl. Bcrichte 7 (1874), 613. 
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volatile oil and then only in minimal amount, namely in the oil 
from the flowers of Spiraea Ulmaria. The supposed occurrence 
in some varieties of vanilla bean assumed by Busse 1 ) is still 
doubtful.-) Furthermore, it is not known whether the heliotropin- 
like odor of certain flowers, such as the heliotrope, is due to the 
presence of this aldehyde or not. 

As source for the artificial preparation of pipcronal, piperin 
was formerly used. At present it is obtained much more cheaply 
by the oxidation of /sosafrol. 

Hcliotropin constitutes colorless, lustrous crystals that 
have a heliotrope-like odor, that melt at 35 to 36° and that 
boil at 236 . It is readily soluble in alcohol, ether and similar 
solvents; difficultly soluble in cold water, more readily in 
boiling water. From hot water it can be obtained in crystals 
an inch long and more. In glycerin it is very sparingly 
soluble, somewhat more in paraffin oil, comparatively readily 
soluble in olive oil (about 6 p. c.). At a temperature of 10 rt 
it is soluble to the extent of about 5 p. c. in 70 percent, 
alcohol. 

As aldehyde, heliotropin combines with acid sulphite. Upon 
reduction piperonyl alcohol, m. p. 51, results; upon oxidation 
piperonylic acid, m. p. 227,5 to 228 . Other derivatives are its 
monobromidc, m. p. 129 ", its mononitro compound, m. p. 94,5", 
the anilide, m. p. 65°, the thiosemicarbazonc, m. p. 185°, and the 
semicarbazone, m. p. 224 to 225’. 

It may be mentioned that heliotropin possesses antipyretic 
and antiseptic properties, and that it may be used as antidote 
in strychnine poisoning. 

Heliotropin should be stored in a cool, dark place since it 
turns yellow or even brown and is decomposed when exposed to 
light/ 5 ) 

When examined for adulterants, the melting point and solu- 
bility should be determined. Its behavior toward acid sulphite 
with which it reacts readily may also be ascertained. 


’) Arbeiten a. d. Kaiser!. Ges.-Amt 15 (1898 to 1899), 108. 
s ) Walbaum, Wallach-Festschriit. Gottingen 1909. p. 649; Report of 
Schimmel § Co. October 1900, 142. 

■) Report of Schimmel § Co. April 1904, 128. 
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In this connection a heterocyclic aldehyde may be mentioned, 
namely, 


Furfurol. 

HCi ,CH 

!l 

HC; C-CHO 

\ 

\ ' 

0 

Its presence in volatile oils is possibly due to the united 
action of heat and acid on the cell-membrane and other carbo- 
hydrates of the crude materials subjected to distillation in the 
presence of water. 1 ) 

In as much as this aldehyde is relatively soluble in water 
(in 11 parts at 13 ) it is contained mostly in the aqueous dis- 
tillate or in the first fraction of the oil. 

Furfurol has been found in the following oils, viz., pine 
tar oil, oil of cade, the first fraction of orris oil, clove oil,-) 
oil of Ceylon cinnamon, petitgrain oil, in the oil of Apocynum 
anclrosxmi folium , in the aqueous distillates from oils of 
cypress, savin, vetiver, orris, West Indian sandalwood, ambrette 
seeds, cloves, clove stems, caraway, and in the first distil- 
late of bay and lavender oils. As a matter of interest, it 
may here be mentioned that E. Erdmann 1 ) observed furfurol 
and furfuric alcohol in the volatile oil of the roasted coffee 
beans. 

The boiling point of the pure compound is 160,5" (742 mm.); 
its density d% 1,1594. When oxidized it yields pyromucic 
acid, m. p. 132 to 133°. Of its derivatives the following may 
here be mentioned, viz., the phenyl hydrazonc, m. p. 97 
to 98°, the semicarbazone, m. p. 197°, and the semioxamazone, 
m. p. 264°. It can be identified most conveniently by means 
of the well-known color reaction with / 7 -toluidine or aniline 
hydrochloride. 

«) Report of Schimmel ft Co. October 1899, 36. 

*) Oil of cloves also contains «-methyl- and a dimethyl furfurol. 

3 ) Berl. Berichte 85 (1902), 1851. 
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AL1CYCLIC (HYDROAROMATIC) ALDEHYDES. 

So far as occurrence in volatile oils is concerned, this group of 
aldehydes is much less important than the others already-considered. 

Phellandral. 

CHO 

I 

C 


ILC 

CH 

H..C 

CH., 


CH 

1 

CM 

H..C CU ;i 

Phellandral, to which in all probability the above formula 
may be assigned, is found in small amounts in the oil of water- 
fennel. 15. p. 89 (5 mm.); d,-, 0,9445; 36 30'; n,,.,,, 1,4911.') 

When exposed to air, or when treated with silver oxide, phel- 
landral is readily oxidized to the corresponding acid which melts 
at 144 to 145 . Of its derivatives the oxime, m. p, 87 to 88 ', 
the scmicarba7onc, m. p. 202 to 204 , and the phenylhydrazone, 
m. p. 122 to 123 , may be mentioned. 

Aldehyde C J(1 H„,0 from lemon grass oil. B. p. 68 
(6 mm.); d ltV 0,9081; «„-J-0 50'; n lw . 1,45641. M. p. of the 
scmicarbazone 188 to 189 . 

Aldehyde C 1() H I( ,0 from gingergrass oil. B. p. 221 
to 224" (754 mm.), 76 to 78 (5 mm.); d,. 0,9351; «„ + 0 ; 
n ll2u . 1,47348. Upon reduction an alcohol C in H ls O results, the 
phenylurcthane of which melts at 100 to 101 . When exposed 


‘) Report of Schimmel $ Co. October llM, 88. 
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to the air this aldehyde is oxidized to an acid C U) H ltt 0 2 , in. p. 106 
to 107°, which can also be obtained from the saponification liquid 
of gingergrass oil. Derivatives: oxime, m. p. 115 to 116’, semi- 
carbazone, m. p. 169 to 170°, semioxamazone, m. p. 244 to 245 , 
phenylhydrazone, m. p. 63 r , ^naphthocinchoninic acid, m. p. 26L. 


KETONES. 

ALIPHATIC KETONES. 

Of the aliphatic ketones only a few are found in volatile oils. 
They arc mostly methyl ketones which can be isolated by means 
of their acid sulphite addition products. The lower members 
arc water-soluble and hence arc found either in the aqueous distil- 
late or in the first portion of the oil which distils over. 

Acetone , CH.,COCH r This ketone has been observed 
not infrequently during the distillation of volatile oils, more 
particularly of leaf oils. Presumably it is formed during the 
process of distillation, but the reaction by which it is produced 
is not known. It has been found in the Atlas cedar oil, coca 
leaf oil, clove oil and in the distillate of patchouli leaves. Together 
with hydrocyanic acid, it has been found in the distillate of 
numerous plants, thus in that of Triglochin maritima l ), Thxlic- 
Itum aquilegi folium, Nandinx domestic a, Phaseofus lunntus, 
P. Mungo, Linum usitatissimum , /.. perenne, He vex brasifiensis, 
H. Sprucexnx , /atropha xngustidens , Muni hot bxnkensis, 
M. Glxziovii, M. pxhnxta, M. utilissima, Pxssi flora alata, 
P. ccerulea, P. edu/is, P. foetidx, P. hybrida, P. lauri folia, 
P. maculata, P. princeps , P, quadrangular is, P. suberosa, 
Tacsonia spec, and T. van Volxemii.-) 

Acetone boils at 56,5 1 and has the density d jr 0,79945. As 
characteristic derivatives the />bromphenylhydrazonc, m. p. 94 ', 
and the oxime, m. p. 59 to 60", may be mentioned. With iodine- 
potassium iodide solution a precipitate of iodoform results. 

Greshoff, Pharm. Weekblad 45 (1908), 1165; Chem.Zentralbl. 190K, II. 1446. 

2 ) Greshoff, Arch, der Pharm. 244 (1906), 665. 

GlLbtMtlSTER, The volatile oils. 
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Methyl-wamyl ketone, CH i( CO (CH,) J CH a , is con- 
tained in the low boiling portions of clove oil and is of importance 
so far as the characteristic odor of this oil is concerned. Its presence 
in Ceylon cinnamon oil has also been demonstrated. B. p. 151 
to 152 ; d„ 0,8366. The scmicarbazone melts at 122 to 123'. 

Lthyl-wamyl ketone, CH ; . CH,-CO [CH,] r CH ;{ , occurs 
in the first fraction of French lavender oil. B. p. 169,5 to 170"; 
d i: , 0,8254; n,,.,,, 1,41536; m. p. of scmicarbazone 117 to 117,5 . 
It docs not react with acid sulphite. Its oxidation with chromic 
acid yields //-capronic acid.') 

Methyl-wheptyl ketone, CH,, CO |CH,,] lt -CH ;i , frequent- 
ly constitutes the bulk of Algerian oil of rue. In small amounts it is 
also found in French and Spanish oils of rue and in oil of cloves. 
It is a colorless oil with an agreeable odor resembling that of rue. 

For methyl hcptyl ketone isolated from oil of rue, the fol- 
lowing constants have been ascertained: 

M. p. 17 ; cong. p. —19 ; b. p. 85 to 90' (7 mm.), 95,8 
to 102 (24 mm.); d.,„ 0,83178.-) 

Cong. p. - 15 ; b. p. 193 to 194 (740 mm.); d. Mt 0,821/) 

B. p. 194,5 to 195,5'' (763 mm.); d|i' 0,829b. 1 ) " 

B. p. 194 to 196 ; 80 to 82' (15 mm.). 1 ’) 

It reacts but slowly with acid sulphite solution. M. p. of 
the scmicarbazone 118 to 119 or 119 to 120 . Oxidized with 
hypobromitc it yields /7-caprylic acid. 

Methyl-w-nonyl ketone, CH.. CO-[CHJ„CH !i , has long 
been known as the principal constituent of the common oil of 
rue from France and Spain. In Algerian oil of rue it usually 
plays but a subordinate role as compared with methyl heptyl 
ketone. For its preparation the French oil is commonly used, 
the ketone being isolated either by freezing it out, or by means 
of the acid sulphite addition product. 

‘) Report of Schimmel 8; Co. April 1903, 47; October 1903, 44. 

-) Thoms, Berichtcd.deutsch.phami.Ges. 11 (1901), 16. 

!l ) v. Soden and Henle, Pharm. Ztg. 4<> (1901), 277. 

l ) Power and Lees, journ. chem. Soc. SI (1902), 1588. 

’■) Houben, Berl. Berichtc ft (1902), 3588. 
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Mctliylnonyl ketone is a colorless liquid at room temperature 
and possesses an odor similar to that of methylheptyl ketone. Its 
constants, as determined by different investigators, are as follows: 

B.p.226 L (766 mm.), 230,65' (corr.), 122 to 123' (24 mm., corr.). 1 ) 

M. p. ■[- 13, 5"; cong. p. -f 12 ; b. p. 223 to 224 (774 mm.), 
90 ’ (7 mm.); d, (r 0,82623.-) 

B. p. 230 to 231” (740 mm.). ’) 

B. p. 229 to 233° (759 mm.), after regeneration from the semi- 
carbazonc 231,5 to 232,5 (761 mm.); d®^ 0,8263.') 

Cong. p. + 13"; b. p. 228 to 230', 120° (20 mm.), 1 18 (18 mm.); 
d, v 0,8295; d.,, r 0,8263/*) 

In connection with a synthetically prepared product Gorup- 
Besanez and Grimm") observed the following constants: 

M.p. + 15lo 16 ; b.p.224 ; d J7i , 0,8295. 

The oxime melts at 46 to 47 ', the semicarbazone at 123 to 124 . 

Nypobromite oxidizes it to caprinic acid. 

Diacetyl, CH., CO CO CH :l . Like furfural, this aliphatic 
diketonc, which has been observed rather frequently in volatile 
oils, presumably owes its origin to the decomposition of certain 
plant constituents during the process of distillation. Inasmuch 
as it is rather water-soluble, it also is apt to concentrate in the 
cohobated aqueous distillate or in the first fractions. At times 
it even reveals its presence by means of its yellowish-green color 
and its quinonc-likc odor. In most instances, diacctyl is found 
together with methyl alcohol and furfural. It has been observed 
in the first distillate of a pine tar oil from Finland, in the co- 
hobated aqueous distillate from the oils of cypress, savin, vetiver, 
orris, West Indian sandalwood, bay, and caraway. 

B. p. 87,5 to 88 ; density 0,9734 at 22". Characteristic are its 
monophenylhydrazone, m. p. 133 to 134"; the oxime of the latter, 
viz. thcdiacetylhydrazoxime, m. p. 158", and the osazone, m.p. 243". 

‘) Carette, Journ. de Pharm. et Chim. II. 10 (1899), 256. 

-) Thoms, Joe. tit. 8. 

") v. Soden and Henle, Joe. tit. 

J ) Power and Lees, he. tit. 

•’) Houben, Joe. tit. 3590. 

# ) Liebig’s Annalcn 15J (1871), 279. 
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Methyl heptenone. 

CH, 

C : CH • CH., • CH, • CO • CH., 

CH., 

Of greater interest than the saturated ketones already enu- 
merated, is the unsaturated methyl heptenone, C s H n O. It occurs 
as constituent of several volatile oils and has been obtained as 
decomposition product of related compounds. As companion to 
the closely related linalol, geraniol and citral, it occurs in Mexican 
lignaloe oil, citronclla oil and lemongrass oil. It also occurs in 
lemon oil, palmarosa oil and in the oil of Barosma pulchella. 
Apparently it owes its cxistancc to the decomposition of the 
above-mentioned compounds. This decomposition can likewise 
be brought about artificially by oxidation. From the fractions 
boiling between 160 and 180 it can readily be isolated by means 
of its acid sulphite addition product. 

As “Abbau” product it was first obtained in the dry distil- 
lation of cincolic acid anhydride. 1 ) It was then observed during 
the saponification of geranic acid nitrile,-) and as oxidation 
product ol citral.-*) It also results from the latter when treated 
with alkalies.') Synthetically it has been obtained from amylene 
bromide and acetyl acetone, a ) also by the interaction of the iodide 
of acctopropylalcohol, acetone and zinc dust.") 

It is a colorless, mobile liquid, with a penetrating odor re- 
minding of amyl acetate, and is optically active. The physical 
constants as recorded do not agree any too well, for the ketone 
obtained from cineolic anhydride, Wallach records the following: 

lip. 173 to 174 ; d, 0 0,8530; n,,,,, 1,44003/) 

For natural methyl heptenone Ticmann and Kriiger de- 
termined: 

13. p. 170 to 171 (760 mm.); d_„, 0,8499; n„ 1, 4380. s ) 

') Wallach, Liebig's Annalcn 25s (1890), 323. 

4 ) Tiemann and Semmler, Berl. Berichte 2B (18^3), 2721. 

-) Ibidem 2719. 

') Verley, Bull. Soc. chim. III. 17 (1897), 175. 

A ) Barbier and Bouveault, Coinpt. rend. 122 (1896), 1422. 

") Verley, Bull. Soc. chirn. III. 17 (1897), 191. 

T ) Liebig’s Annalcn 2T>s (1890), 32.5. 

s ) Uerl. Berichte 28 (1895), 2123. 
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For the “Abbau” product of citral Vcrley records: 

B. p. 168°, 84° (56 mm.); d M „ 0,910(1); n wr l t 437. ') 

For the methyl heptcnone isolated from lemongrass oil and re- 
generated from the acid sulphite addition product, Schimmel $ Co. 
observed : 

B. p. 173' (758 mm.); d ls „ 0,855; n 1,43805;-) 

and for a product obtained by boiling citral with potassium car- 
bonate solution: 

B.p. 173 to 174°; d l<v , 0,8656. 

When reduced in alcoholic solution with sodium, methyl 
heptcnone is reduced to the secondary alcohol methyl heptenol, 
C\H l(t O. !l ) This alcohol is likewise found among the decompo- 
sition products of geraniol and the saponification products of 
gcranic acid nitrile. Methyl heptenone combines with acid sul- 
phites to crystalline addition products, with hydroxylaminc and 
phenylhydrazine to liquid condensation products, and with semi- 
carbazide to a crystalline scmicarbazonc which can be utilized 
for the identification of the ketone. When oxidized, methyl hep- 
tenonc breaks down into acetone and lajvulinic acid, C r , h s O ;i l ) 
in accordance with the above formula. Dehydrating agents, such 
as zinc chloride, convert it into diliydro-z/z-xylcne, C s H,.,. r> ) 

Methyl heptcnone is readily recognized by its characteristic 
odor reminding of amylacetate. For its identification it is con- 
verted into the scrnicarbazonc. As in the case of citral, this 
appears to be a mixture of isomers. However, a product with 
a constant melting point is obtained when prepared according 
to the directions of Tiemann and Kruger.' 1 )’' According to these 
investigators, a solution of 12 g. of semicarbazide hydrochloride 
and 15 g. sodium acetate in 20 cc. of water is added to a mixture 
of 12 g. methyl heptcnone and 20 cc. of glacial acetic acid, and 
the mixed solutions set aside for half an hour. Upon the ad- 
dition of water the semicarbazone separates as oil which soon 

’) Verley, he. cit. 176. 

*) Report of Schimmel $ Co. April lHfffl, 65. 

il ) Wallach, Liebig’s Annalen 275 (1893), 171. 

*) Tiemann and Semmler, Berl. Berichte 28 (1895), 2128. 

a ) Wallach, Liebig’s Annalen 258 (1890), 326. 

,l ) Berl. Berichte 28 (1895), 2124. 
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congeals to a crystals which, when recrystal lized from dilute 
alcohol, melt at 136 to 138 . 

A compound well suited for identification is obtained when 
methyl heptenonc is treated with bromine in the presence of 
soda lye. 1 ) hypobromotis acid is added and bromine simul- 
taneously substituted with the formation of the well crystallized 
derivative C s H JS Br a O-OH. For its preparation 3 g of ketone 
arc shaken with a solution of 3 g of sodium hydroxide and 12 g 
of bromine in 100 to 120 cc. of water. The reaction product 
separates as a heavy oil which soon congeals. It is taken up 
with ether, the ethereal solution shaken out with dilute soda 
solution. The residue left upon the evaporation of the ether is 
rccrystallized from ligroin to which some animal charcoal has 
been added. The melting point of the pure, white crystals lies 
between 98 and 99 . Upon keeping they gradually decompose. 

A method for the identification of methyl heptenone in the 
presence of citroncllal and citral has been worked out by Tiemann.-) 
It is based on the fact that methyl heptenone docs not react with 
either a dilute or a concentrated solution of sodium sulphite and 
sodium acid carbonate, whereas the two aldehydes can be suc- 
cessively removed by shaking the oily mixture with the respec- 
tive solutions of these salts. 

AROMATIC KETONES. 

As constituents of volatile oils, these ketones play but a 
minor role. The following may here be mentioned. 

o-Hydroxyacbtophenone , CH ;i < CO • C,. H , • OH, and pos- 
sibly its methyl ether, are contained in the oil of Chionc glabra. 
B. p. 160 to 165 11 (34 mm.). With ferric chloride it produces a 
deep red color, with bromine water a yellow crystalline preci- 
pitate. The oxime melts at 112 , the phenylhydrazonc at 108 . 
When fused with potassa, salicylic acid (m. p. 155 ) results. 

Anise ketone (/Mncthoxyphenylacetone), CH 3 -CO*CFC 
•C tI H, OCH., possibly occurs in Russian anise oil and in bitter 
fennel oil. B. p. 263 d r 1,095. The oxime melts at 72'. 

*) Tiemann and Semmler, Berl. Berichte 2U (1893), 2723. 

•) Berl. Berichte fc! (1899), 823. 
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For the “Abbau” product of citral Vcrley records: 

B. p. 168°, 84° (56 mm.); d M „ 0,910(1); n wr l t 437. ') 

For the methyl heptcnone isolated from lemongrass oil and re- 
generated from the acid sulphite addition product, Schimmel $ Co. 
observed : 

B. p. 173' (758 mm.); d ls „ 0,855; n 1,43805;-) 

and for a product obtained by boiling citral with potassium car- 
bonate solution: 

B.p. 173 to 174°; d l<v , 0,8656. 

When reduced in alcoholic solution with sodium, methyl 
heptcnone is reduced to the secondary alcohol methyl heptenol, 
C\H l(t O. !l ) This alcohol is likewise found among the decompo- 
sition products of geraniol and the saponification products of 
gcranic acid nitrile. Methyl heptenone combines with acid sul- 
phites to crystalline addition products, with hydroxylaminc and 
phenylhydrazine to liquid condensation products, and with semi- 
carbazide to a crystalline scmicarbazonc which can be utilized 
for the identification of the ketone. When oxidized, methyl hep- 
tenonc breaks down into acetone and lajvulinic acid, C r , h s O ;i l ) 
in accordance with the above formula. Dehydrating agents, such 
as zinc chloride, convert it into diliydro-z/z-xylcne, C s H,.,. r> ) 

Methyl heptcnone is readily recognized by its characteristic 
odor reminding of amylacetate. For its identification it is con- 
verted into the scrnicarbazonc. As in the case of citral, this 
appears to be a mixture of isomers. However, a product with 
a constant melting point is obtained when prepared according 
to the directions of Tiemann and Kruger.' 1 )’' According to these 
investigators, a solution of 12 g. of semicarbazide hydrochloride 
and 15 g. sodium acetate in 20 cc. of water is added to a mixture 
of 12 g. methyl heptcnone and 20 cc. of glacial acetic acid, and 
the mixed solutions set aside for half an hour. Upon the ad- 
dition of water the semicarbazone separates as oil which soon 

’) Verley, he. cit. 176. 

*) Report of Schimmel $ Co. April lHfffl, 65. 

il ) Wallach, Liebig’s Annalen 275 (1893), 171. 

*) Tiemann and Semmler, Berl. Berichte 28 (1895), 2128. 

a ) Wallach, Liebig’s Annalen 258 (1890), 326. 

,l ) Berl. Berichte 28 (1895), 2124. 
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pletcd, those oily compounds that have not united with the sul- 
phite arc shaken out repeatedly with ether and removed. The 
carvone is then set free with soda lye and distilled with steam. 
This method may also be utilized for the quantitative determi- 
nation of carvone. (See the chapter in “The examination of 
volatile oils”.) 

Artificially, carvone and its derivatives have been obtained 
in n variety of ways. However, a detailed account of the relation- 
ship between carvone, pinene, limonene, pinol, and terpineol would 
lead too far. 

Carvone is a colorless liquid possessing a decided odor of 
caraway. At a low temperature it congeals. 1 ) In the laboratory 
of Schimme! $ Co. the following properties have been determined: 

For r/-carvonc prepared from caraway oil by means of the 
sulphite addition product: 

li. p. 230 (755 mm.), 91 (5 to 6 mm.); d„ 0,9645; « r , (-59 '57'; 
n 1 ,49952. 

For /-carvone prepared from spearmint oil by means of the 
sulphite addition product: 

B.p.230 to 231 (763mm.); d liV 0,9652; -59 40'; n n , (1 1,4988; 
soluble in 17 vols. of 50 p. c. alcohol and in 4 vols. of 60 p. c. 
alcohol. 

Commercial preparations, own manufacture, varied as follows: 

d j: , 0,963 to 0,966; + 57" 30' to -f 60°; n„, r 1 ,497 to 1 ,500; 

soluble in 16 to 20 vols. of 50 p. c. alcohol, in 4 vols. of 60 p. c. 
alcohol, and in 1,5 to 2 vols. of 70 p. c. alcohol. 

Carvone is an unsaturated ketone which combines with 
hydrogen chloride to form a liquid compound,') and with hydrogen 
bromide to one melting at 32 . :i ) If hydrogen bromide be split 
off from the latter, an isomeric ketone C 10 H u O, eucarvone 
results. 1 ) The bromine substitution products obtained by the 
action of bromine on hydrobromcarvone, viz., the tribromide, 

*) Wallach, Liebig’s Annalen 252 (1889), 129, footnote. 

') Goldschmidt and Kisser, Berl. Berichte 20 (1887), 487, 2071. 

!1 ) Ibidem 2071; Baeyer, Berl. Berichte 27 (1894), 811. 

‘) Baeyer, Berl. Berichte 27 (1894), 811; Wallach, Liebig’s Annalen 805 
(1899), 234; 380 (1905), 94. 
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For the “Abbau” product of citral Vcrley records: 

B. p. 168°, 84° (56 mm.); d M „ 0,910(1); n wr l t 437. ') 

For the methyl heptcnone isolated from lemongrass oil and re- 
generated from the acid sulphite addition product, Schimmel $ Co. 
observed : 

B. p. 173' (758 mm.); d ls „ 0,855; n 1,43805;-) 

and for a product obtained by boiling citral with potassium car- 
bonate solution: 

B.p. 173 to 174°; d l<v , 0,8656. 

When reduced in alcoholic solution with sodium, methyl 
heptcnone is reduced to the secondary alcohol methyl heptenol, 
C\H l(t O. !l ) This alcohol is likewise found among the decompo- 
sition products of geraniol and the saponification products of 
gcranic acid nitrile. Methyl heptenone combines with acid sul- 
phites to crystalline addition products, with hydroxylaminc and 
phenylhydrazine to liquid condensation products, and with semi- 
carbazide to a crystalline scmicarbazonc which can be utilized 
for the identification of the ketone. When oxidized, methyl hep- 
tenonc breaks down into acetone and lajvulinic acid, C r , h s O ;i l ) 
in accordance with the above formula. Dehydrating agents, such 
as zinc chloride, convert it into diliydro-z/z-xylcne, C s H,.,. r> ) 

Methyl heptcnone is readily recognized by its characteristic 
odor reminding of amylacetate. For its identification it is con- 
verted into the scrnicarbazonc. As in the case of citral, this 
appears to be a mixture of isomers. However, a product with 
a constant melting point is obtained when prepared according 
to the directions of Tiemann and Kruger.' 1 )’' According to these 
investigators, a solution of 12 g. of semicarbazide hydrochloride 
and 15 g. sodium acetate in 20 cc. of water is added to a mixture 
of 12 g. methyl heptcnone and 20 cc. of glacial acetic acid, and 
the mixed solutions set aside for half an hour. Upon the ad- 
dition of water the semicarbazone separates as oil which soon 

’) Verley, he. cit. 176. 

*) Report of Schimmel $ Co. April lHfffl, 65. 

il ) Wallach, Liebig’s Annalen 275 (1893), 171. 

*) Tiemann and Semmler, Berl. Berichte 28 (1895), 2128. 

a ) Wallach, Liebig’s Annalen 258 (1890), 326. 

,l ) Berl. Berichte 28 (1895), 2124. 
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pletcd, those oily compounds that have not united with the sul- 
phite arc shaken out repeatedly with ether and removed. The 
carvone is then set free with soda lye and distilled with steam. 
This method may also be utilized for the quantitative determi- 
nation of carvone. (See the chapter in “The examination of 
volatile oils”.) 

Artificially, carvone and its derivatives have been obtained 
in n variety of ways. However, a detailed account of the relation- 
ship between carvone, pinene, limonene, pinol, and terpineol would 
lead too far. 

Carvone is a colorless liquid possessing a decided odor of 
caraway. At a low temperature it congeals. 1 ) In the laboratory 
of Schimme! $ Co. the following properties have been determined: 

For r/-carvonc prepared from caraway oil by means of the 
sulphite addition product: 

li. p. 230 (755 mm.), 91 (5 to 6 mm.); d„ 0,9645; « r , (-59 '57'; 
n 1 ,49952. 

For /-carvone prepared from spearmint oil by means of the 
sulphite addition product: 

B.p.230 to 231 (763mm.); d liV 0,9652; -59 40'; n n , (1 1,4988; 
soluble in 17 vols. of 50 p. c. alcohol and in 4 vols. of 60 p. c. 
alcohol. 

Commercial preparations, own manufacture, varied as follows: 

d j: , 0,963 to 0,966; + 57" 30' to -f 60°; n„, r 1 ,497 to 1 ,500; 

soluble in 16 to 20 vols. of 50 p. c. alcohol, in 4 vols. of 60 p. c. 
alcohol, and in 1,5 to 2 vols. of 70 p. c. alcohol. 

Carvone is an unsaturated ketone which combines with 
hydrogen chloride to form a liquid compound,') and with hydrogen 
bromide to one melting at 32 . :i ) If hydrogen bromide be split 
off from the latter, an isomeric ketone C 10 H u O, eucarvone 
results. 1 ) The bromine substitution products obtained by the 
action of bromine on hydrobromcarvone, viz., the tribromide, 

*) Wallach, Liebig’s Annalen 252 (1889), 129, footnote. 

') Goldschmidt and Kisser, Berl. Berichte 20 (1887), 487, 2071. 

!1 ) Ibidem 2071; Baeyer, Berl. Berichte 27 (1894), 811. 

‘) Baeyer, Berl. Berichte 27 (1894), 811; Wallach, Liebig’s Annalen 805 
(1899), 234; 380 (1905), 94. 
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Carvonc is characterized by its peculiar odor by means of 
which it can readily be recognized. If it is to be isolated 
from a volatile oil, its hydrogen sulphide addition product or 
the sodium acid sulphite addition product may be utilized for 
this purpose. (See above.) It should be noted, however, that 
the hydrogen sulphide addition product docs not melt at 187 ', 
as stated by Baeycr, 1 ) but at 210 to 2117) 


Pulegone. 

CH, 


CH 

H.C 7 CM, 

H.,C v /CO 

/ 

c 

c 

H;;C CH a 

Pulegonc, a ketone C 1(l H lrt O, has thus far been found in 
labiate oils only. In these it frequently occurs in large amounts, 
occasionally together with menthol and menthonc. European 
pennyroyal oil contains about 80 p. c. of this ketone. Diptam 
origanum oil likewise consists largely of pulegonc. Its presence 
in the following oils has also been determined, viz., in the oils 
of Hedcoma pulcgioidcs, Rycnanthomum lanccolatum , Bystro- 
pogon origanifolius and Caiamintha Ne^ta. In all of these 
oils it occurs in the dextrogyrate form. Its presence has further 
been ascertained in Canadian mint oil, in Japanese peppermint 
oil, and in marjoran oil. In these cases, however, references to 
the rotation are wanting. 


’) Arch, der Pharm. 221 (1883), 285. 
») Claus and Fahrion, Journ. f. prakt. 
Schimme! 8 Co. April 1S9M, 47, footnote. 


Chem. II. » (1889), 365; Report 


of 
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In as much as European pennyroyal oil consists chiefly of 
this ketone, pulegone can be obtained relatively pure by frac- 
tional distillation of this oil. In a purer state it can be separated 
from its compound with sodium acid sulphite or with neutral 
sodium sulphite. To cause the pulegone to combine with acid 
sulphite, the oil diluted with its volume of alcohol is sub- 
jected to prolonged shaking with the aqueous sulphite solution. 1 ) 
Its capacity to react with normal sulphite, also makes possible 
the quantitative estimation of pulegone. (See the chapter “The 
examination of volatile oils” under determination of ketones.) 
Furthermore, the semicarbazonc, which can be hydrolyzed with 
acids, can be used for the purification of pulegone. 

In a round-about way, pulegone has been obtained syn- 
thetically from citroncllal.*) Another ketone, which is not iden- 
tical with natural pulegone, Wallaclr 1 ) obtained by condensation 
of 1,3-mcthylcyc7ohcxanone with acetone. 

Pulegone is a colorless liquid which turns slightly yellow 
upon prolonged standing. It possesses a peppermint-like, sweetish 
odor reminding of menthone. 

For pulegone purified only by means of distillation, Beckmann 
and Pleissner') found the following constants: 

B. p. 130 to 131 (60 mm.); d, 0 0,9323; [«\ u |- 22,89 ; 

n„ 1,47018. 

Barbier*) records the following: 

B. p. 222 to 223 ’; d.,, 0,9293; [«],,-{ 25° 15'. 

For pulegone regenerated from the bisulphite addition pro- 
duct, Bacyer and Ncnrich") observed the following constants: 

B.p. 100 to 101° (15mm.) ; [«],,+ 22,94°; 
and Wallach: 7 ) 

B.p. 221 to 222 ; d 0,936; n„ 1,4846. 

') Baeyer, Berl. Berichte 2H (1895), 652. 

-) Tiemann and Schmidt, Berl. Berichte *21) (1896), 913; 30 (1897), 22. 

!l ) Berl. Berichte ‘29 (1896), 1597, 2955; Liebig's Annalen 300 (1898), 267. 

') Liebig’s Annalen 20*2 (1891), 3, 4, 20. 

*) Compt. rend. 114 (1892), 126. 

n ) Berl. Berichte *2H (1895), 653. 

Ibidem 1965. 
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In connection with technical products prepared in the 
laboratory of Schimmel Co., the following constants were 
observed: 

d ls . 0,939 to 0,941; «„-t 20 to +23"; n llsr 1,484 to 1,488; 
soluble in 4,5 vol. of 60 p. c. alcohol and in 1,5 vol. of 70 p. c. 
alcohol. 

For a pure pulcgone regenerated from its sulphite compound 
the following constants were observed: 

B. p. 224" (750 mm.); 93 to 94" (8 to 9 mm.); 85 (5 mm.); 
d„ 0,9405; s -j-20'48'; n liaP 1,48796. 

As an unsaturated compound pulcgone combines with bromine 
but yields a liquid dibromidc. When heated with sodium ethylate, 
this yields pulegenic acid, C lo H l( ,0. f> from which a long series of 
derivatives has been obtained and which has served as the 
starting-point for extensive investigations. With hydrogen chloride 
and hydrogen bromide, pulcgone yields crystalline addition 
products. 1 ) 

Pulcgone reveals the character of a ketone. When carefully 
reduced in alcoholic solution with metallic sodium, pulcgol, 2 ) 
C lo H |s O, the corresponding alcohol is presumably first formed. 
Further addition of hydrogen reduces it to the saturated /-men- 
thol, C J( ,H, 0 O.») 

When pulegone is heated with anhydrous formic acid or 
with alkali or with water in an autoclave to 250 it is hydrolyzed 
yielding acetone and 1,3-methylcpc/ohcxanonc, C T H,„0. ! ) 

Pulegone reacts with hydroxylaminc, but the oxime of the 
normal ketone is not yet known. What was formerly regarded 
as such, is /sopulegonc oxime, since Wallacfv’) has shown that 
in the presence of alkali and hydroxylaminc pulcgone under- 
goes isomerization to (active) /sopulegone. At the same 
time the pulegone undergoes partial hydrolysis as indicated 
above, so that the yield of oxime leaves much to be desired. 

') Beckmann and Pleissner, Liebig’s Annalen 292 (1891), 21; Baeyer and 
Henrich, Bcrl. Berichte 2S (1895), 653. 

2 ) Tiemann and Schmidt, Berl. Berichte 29 (1896), 914. 

a ) Beckmann and Pleissner, loc. cit. 30. 

*) Wallach, Liebig’s 2H9 (1896), 338; (1909), 243. 

*’) Liebig’s Annalen (1909), 240. 
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Wallach 1 ) obtained the best results by observing the following 
directions : 

To a solution of 10 g. of pulcgonc in 30 ccm. of absolute alcohol 
a solution of 30 g. solid potassa in 20 ccm. of water are added 
and then as rapidly as possible a solution of 1 g. of hydroxyl- 
amine hydrochloride in 1 ccm. of water. Care should be taken 
that the temperature of the reaction mixture does not exceed 75\ 
Finally, the mixture is heated for 10 minutes to 85' on a water 
bath. When cooled, the mass is poured on ice and allowed to 
stand. The oxime, which usually separates in large flakes, is 
shaken out with ether, the ether recovered by distillation and the 
residue subjected to steam distillation. The oxime passes over 
with the steam and separates in the form of fine needles which 
can be collected on an asbestos filter and rccrystallizcd from 
ether or ligroin, when they melt at 120 to 121 . By repeated 
rccrystallization from methyl alcohol, Wallach succeeded in raising 
the melting point to 123 to 124 '. The oxime is lawogyrate, 
Mi.ar ~ 25,833 ". When hydrolyzed by heating with oxalic acid, 
the oxime yields /sopulcgone. With sulphuric acid, however, 
pulcgone is regenerated, since the sulphuric acid isomcrizes the 
/sopulcgonc back to pulcgonc. 

In addition to this oxime two addition reaction products of 
pulegone with hydroxylamine arc known: first, a compound 
C i „H 1 „O NH. 2 OH -) which results from the addition of hydroxyl- 
amine to the pulegone and which melts at 155 to 157 ; and 
secondly, a dioxime or rather hydroxamino oxime, C^H^NOH 
NH s OH, which melts at 118 ?) 

The semicarba70nc which results from the action of semi- 
carbazide on pulcgene melts at 167,5 to 168?) It is difficultly 
soluble in ether. 

According to Baeycr and Fienrich?) the identification, 
however, can be brought about more readily by means of the 

') Liebig’s Annalen IM>5 (1909), 244. 

2 ) Beckmann and Pleissner, Liebig’s Annalen 202 (1891), 6; Wallach, 
ibidem 805 (1909), 24b. 

;i ) Semmler, Berl. Berichte Ss (1905), 146. 

*) Wallach, Liebig's Annalen 365 (1909), 246. 

*) Berl. Berichte 2s (1895), 654; comp. Baeyer and Prentice, Berl. Berichte, 
2# (1896), 1078; Gage, Pharm. Review tfi (1898), 413. 
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characteristic bisnitrosopulcgone. For its preparation a very 
small amount of hydrochloric acid is added to a solution 
of 2 ccm. of pulegonc or pulcgonc-containing oil in 2 ccm. of 
ligroin and 1 ccm. of amyl nitrite which has been cooled down 
in a good freezing mixture. After a short time the bisnitroso 
compound separates in the form of fine needles which can 
be purified by drying them on porous plates and washing 
them with petroleum ether, when they melt at 81,5’. When 
rccrystallized they decompose, /sopulegonc does not give this 
reaction. 

When oxidized with potassium permanganate, pulegone yields 
acetone and active metiiyladipic acid, C 7 H lo O, melting at 84 
to 85". Because of these results, Scmmlcr 1 ) has assigned to pule- 
gonc the above formula which also seems to explain the hydrolysis 
of this ketotic into acetone and methyl hcxanonc. 


Iso pulegone. 

CH ;l 

CM 


H,C '01, 

H,C\, 'CO 

, / 

CH 
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FLC CM., 

This ketone, which has thus far not been found in volatile 
oils, may receive brief mention at least. As described on p. 446, 
it can be prepared by way of the oxime from pulegone. It can 
also be obtained by treating pulegone hydrobromidc with basic 
lead nitrate. 2 ) Furthermore from citronellal, by converting this 


») Berl. Berichte 35 (1892), 3515. 

a ) Harries and Roeder, Berl. Berichte 82 (1899), 3368. 



448 


Principal constituents op volatile oils. 


into /sopulegol (seep. 416) and the subsequent oxidation of this 
alcohol to /sopulegone. 1 ) 

Whereas the first two methods mentioned yield a single, 
active product, the change from citronellal to /sopulegone results 
in a mixture of active and inactive ketone, the ratio of which 
varies according to the conditions of the experiment.'-) The active 
/sopulegone yields a likewise active oxime which melts at 120 to 121° 
(respectively at 123 to 124*. Sec p. 446). The inactive ketone 
yields an inactive oxime which melts, according to Wallach, 
at 138 to 1 39°. n ) According to Wallach, the separation of the 
two oximes is best accomplished by repeated recrystallization 
from methyl alcohol, in which the lower-melting oxime is more 
readily soluble. However, it is difficult to free the latter en- 
tirely from the higher-melting oxime, hence the poorly marked 
melting points. 

The active /sopulegone yields a scmicarbazone which melts 
at 172 to 174' and which is readily soluble in ether, the inactive 
ketone a semicarba/one which melts at 182 to 183 and which 
is difficultly soluble in ether. 

l“or an /sopulegone obtained from (/-citronellal, Tiemann and 
Schmidt 1 ) record the following constants: 

B. p. 90 (12 mm.); d 17 - 0,9213; • 10 ’ 15'; n„ 1,4690. 

For an /'sopulegone obtained from pulcgonc hydtobromide, 
Harries and Roeder) observed the following constants: 

B. p. 98 to 100 (13 mm.); d I1(: , 0,9192; u lt 7 8'. 

For its characterization the above-mentioned derivatives can 
be used. 

‘) Tiemann and Schmidt, lierl. lieiichte !M> (1897), 22; Tiemann, ibidem 
iK (1899), 825. 

-') Wallach, Liebig's Annalcn (1909), 253. Harries and Roeder as- 
sumed the existence of two stereoisomeric ketones, viz., «- and //-/.sopulegone. 
lierl. Berichtc 512 (1899), 5362. The former is identical with the active, the 
latter with the inactive /sopulegone. 

: ') Harries and Roeder as well as Semmler found 143 . Wallach (loc. cit.) 
explains this discrepancy by assuming that these investigators had an inactive 
oxime totally free from the active modification. 

') lierl. Berichte 'Mi (1897), 28. 

’■) ioc. cit. 3371. 
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Dihydrocarvone. 
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It is only recently that this ketone has been found in caraway 
oil by the chemists of Schimmcl § Co. 1 ) 

Artificially it is obtained by the oxidation of dihydrocarveol 
with chromic acid in glacial acetic acid solution ,-) also by 
the reduction of carvone with zinc dust and alkali or glacial 
acetic acid. 3 ) In the latter case some dihydrocarveol always 
results. 

Dihydrocarvone combines readily with sodium acid sulphite-) 
and can be obtained in a pure state by means of this addition 
product. 

It is a liquid, the odor of which resembles that of menthone 
as well as that of carvone. Wallach (loc.ciL) records the fol- 
lowing properties: 

B.p.22! to 222’; d„ 0,928; n uir 1,471*4. The optical ro- 
tation varies according to the material from which it is prepared: 
tf- carvone yields laevogyrate dihydrocarvone, /-carvone yields 
dextrogyrate dihydrocarvone. 

Schimmcl § Co. (loc. cit.) record the following constants for 
a dihydrocarvone isolated from caraway oil: 

B.p. 221 ’(735,5 mm.); d„- 0,9297; c„-16 18'; n ]K0 . 1,47107. 

‘) Report of Schimmel § Co. April 1M05, 20. 

■i) Wallach, Liebig’s Annalen 275 (1893), 115. 

*) Wallach and Schrader, ibidem 27!> (1894), 377. 

29 
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The following characteristic derivatives may here be men- 
tioned. According to Wallach 1 ) the dibromide is readily ob- 
tained by the addition of bromine to a solution of dihydrocarvone 
in glacial acetic acid-hydrogen bromide. The active modifications 
of the dihydrobromide melt at 69 to 70", the racemic mixture at 
96 to 97'. The active oxime melts at 88 to 89°, the racemic 
mixture at 115 to 116 . The oximes deviate the plane of po- 
larized light in the same direction as do the corresponding 
ketones.-’) The melting point of the semicarbazonc is given by 
Wallach 1 *) as 189 to 191. Harries and Roeder*) record 201 to 202" 
for a preparation washed with ether. In addition to the constants, 
the above-mentioned derivatives may be utilized for the charac- 
terization of dihydrocarvone. 

Menthone . 

CH, 
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H,C / CH, 

H,C % CO 
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H,C CH, 

Both optical modifications of menthone, C„,H 1 h O, are found 
in nature. (/-Menthone has been found in the oil of Barosma 
pulchellum and in American pennyroyal oil from Hedeoma 
pulegioidcs; /-menthone in Reunion geranium oil, buchu-leaf oil, 
peppermint oil and American pennyroyal oil. Menthone has also 
been found in European pennyroyal oil from Mentha pulegium, 

*) Wallach and Schrader, Liebig’s Annalcn 27tl (1894), 389; 2S6 (1895), 127. 

*) Wallach, Liebig’s Annalen 275 (1893), 117; 27» (1894), 381. 

:l ) Berl. Berichte 2s (1895), 19b0. 

*) Ibidem 82 (1899), 3372, footnote. 
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in the oil of Bystropogon origanifolius and in the oil from cassic 
blossoms (?), but the direction of rotation has not been recorded 
in these instances. 

Inasmuch as menthone does not combine with acid sulphites, 
and since it cannot be obtained pure by fractional distillation, it 
must be isolated either by means of its oxime or by means of 
its scmicarbazone which arc prepared from the menthone fractions. 
It should be noted, however, that when these compounds arc 
hydrolyzed, mostly with the aid of dilute sulphuric acid, the 
angle of rotation is altered. 

Pure /-menthone with normal optical activity is readily ob- 
tained from menthol by oxidation with the chromic acid mixture 
recommended by Beckmann. 1 ) 

Synthetically, menthone has been obtained by several methods. 

Pure menthone is a mobile, colorless liquid with a pepper- 
mint-likc odor and a slightly cooling, bitter taste. For the ketone 
obtained by the oxidation of menthol, Beckmann-) found the 
following constants: 

B. p. 207°; d, (l 0,8960; [4*0-28,18°; n 1M20 1,4525; 
and Binz 3 ) the following ones: 

d ar 0,8934; [«],*,. -27,67°. 

According to Wallach,') menthone regenerated from its scmi- 
carbazone (m. p. 1 84 °) possesses the following properties: 

B. p. 208 f ; d 0,894; n u 1,4496. 

In the laboratory of Schimmel $ Co. the following were 
observed: 

d 16 . 0,894 to 0,899; s -20°27' to -26°10'; n J)200 1,450 to 
1,451; soluble in 3 vols. of 70 p. c. alcohol. 

d JB . 0,8971; « D — 26"10'; [4,-29,17°. 

If /-menthone is treated at a low temperature with qonccntrated 
sulphuric acid it is changed to its dextrogyrate isomer.*) In this 

J ) Beckmann, Liebig’s Annalen 350 (1889), 325. 

4 ) ibidem 327. 

!; ) Zeitschr. f. physik. Chem. 12 (1893), 727. 

*) Bert. Berichte 2H (1895), 1963. 

'■) Beckmann, foe. cit. 334. 


29 * 
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manner Beckmann obtained what he regarded as (/-menthone of 
the same angle of rotation ([«] J( -1-28,1°) as the /-menthone 
(Hi* — 28,5') from which he started. It was shown, however, 
that the former was not the optical antipode of the latter, but 
a mixture of /-menthone with the much more strongly active 
(A/somcnthonc. A highly dextrogyrate (/-/somenthone he obtained 
in the following manoer: Menthoxime was reduced, the resulting 
mcnthylamine treated with nitrous acid and the menthol thus 
obtained oxidized. This /somenthone had a specific angle of 
rotation of + 93,2 V) 

Beckmann is of the opinion that the change in the angle 
of rotation brought about by acids is due to intermediary enolising. 
This interpretation is favored by the observation made by Mannich 
and Hancu,-) namely that /-menthone — 22,4°) when subjected 
to prolonged heating with acetic acid anhydride to 240 ’ yields the 
ester of l-mcthyl-4-mcthoethyl cyclohexcne-(2 or 3)-ol-3 (b. p. 98" 
at 11 mm.; « u H-6,65") which upon saponification yields a dextro- 
gyrate menthone («„ -| 1 ,54" in a 20 mm. tube). 

In general, the change in the angle of rotation brought about 
by acids and alkalies is noteworthy. 

When reduced in alcoholic solution with sodium, it is con- 
verted into the corresponding secondary alcohol, the /-menthol, 
C J0 H, (( O. As a by-product small amounts of the slightly dextro- 
gyrate /somcnthol result. When indifferent solvents are used 
some mcnthopinacone, 1 ') m. p. 94", also is formed. 

In dilute alcoholic solution, /-menthone condenses readily 
with hydroxylamine to /-menthoxime, m. p. 60 to 61V) The 
other modifications of menthone yield oximes that are either 
liquid or possess a fagher melting point. 

If the oxime is treated with dehydrating agents, it is converted 
into an aliphatic nitrile, C„h 17 CN. When further modified this 
yields compounds that very much resemble the corresponding 
members of the citronellal group.*) Upon molecular rearrange- 

■) Berl. Berichte 42 (1909), 847. 

4 ) Berl. Berichte 41 (1908), 570. 

a ) Beckmann, journ. f. prakt. Chem. 11. 55 (1897), 18, 30. 

4 ) Beckmann, Liebig’s Annalen 250(1889), 330; Wallach, Liebig’s Annalen 
277 (1893), 157; 27S (1894), 304. 

'■) Wallach, Liebig’s Annalen 27s (1894), 308; 290(1897), 120 ; 812 (1900), 171. 
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ment, induced by sulphuric acid, /-menthoneoximc yields a lactam, 
the menthone isoxime, m. p. 119 V) 

Semicarbazidc reacts on menthone with the formation of a 
semicarbazone that crystallizes in needles which melt at 184“.*) 
Noteworthy is also the thioscmicarbazone, m. p. 155 to 157 and 
the semioxamazone, m. p. 177°. 

If menthone is oxidized with a solution of chromic acid in 
glacial acetic acid, there results as first oxidation-produdt a 
keto acid C 10 H, s O :i (keto- or hydroxymenthylic acid). !l ) Upon 
further oxidation with cither potassium permanganate or chromic 
acid mixture, this is converted into the dibasic .^-methyl adipic 
acid y-pimelic acid of Arth), 4 ) hence into the same "Abbau” 
product obtained from pulegone and citroncllal. 

If /soamyl nitrite and hydrochloric acid arc allowed to 
react on menthone in the cold, bisnitrosomenthone, (C l0 H J7 O 
■NO)., m. p. 112,5 and the oxime of kctomenthylic acid, 
m. p. 103", /. e. of the first oxidation product of menthone, arc 
formed/’) 

If bromine (2 mol.) is allowed to act on menthone (1 mol.) 
in chloroformic solution, there results a crystalline dibromemen- 
thone, C J(( H h ,Br,0 (m. p. 79 to 80 ). When acted upon by 
quinoline, this looses hydrogen bromide and is converted into 
thymol/) 

These changes, as also the conversion of menthone into 
3-chlorcymcne brought about by (linger and Klages,') arc in 
harmony with the structural formula given above, which also 
expresses the relation of menthone to pulegone. 

For the identification of menthone, the preparation of the 
semicarbazone or oxime is resorted to. For further characteri- 

») Beckmann and Mehrlander, Berl. Berichte 20 (1887), 1508; Wallach, 
Liebig’s Annalen 278 (1894), 304. 

a ) Wallach, Berl. Berichte 28 (1895), 1963; Beckmann, Liebig’s Annalen 
280 (1896), 366. 

“) Beckmann and Mehrlander, Liebig's Annalen 289 (1896), 368. 

«) Arth, Annal. de Chim. et Phys. VI. 7 (1886), 433; Beckmann and 
Mehrlander, loc. cit. 378; Manasse and Rupe, Berl. Berichte 27 (1894), 1818. 

r ') Baeyer and Manasse, Berl. Berichte 27 (1894), 1913, 1914; see also 
Baeyer and Oehler, Berl. Berichte 29 (1896), 27. 

«) Beckmann and Eickelberg, Berl. Berichte 29 (1896), 418. 

: ) Berl. Berichte 29 (1896), 315. 
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zation the ketone can be reduced to menthol and this converted 
into the benzoic ester (see menthol). For the quantitative de- 
termination of menthonc consult the chapter on “The examination 
of volatile oils”, ketone determinations. 


Camphor. 

CH 

\ 

H,C X CH, 

CH, C CH, 

H,C CO 

c 

CH, 

(/-Camphor, known also as Japanese or Laurus camphor in 
order to distinguish it from borneo camphor ((/-borncol), is ob- 
tained on a large scale together with camphor oil by the distil- 
lation of the wood of Cinnamomum Camphora with water vapor. 
(/-Camphor has also been found in Siam cardamom oil, American 
wormsccd oil, camphor leaf oil, sassafras oil, apopin oil (?), rose- 
mary oil, spike oil, in the oil of Lavandula Stcechas, Reunion 
basilicum oil, in the'*oil of Basilicum canum, and in Dalmatian 
sage oil; /-camphor in an oil of sage (Salvia grand/ flora [?]), 
Artemisia fierha-alba, A. cana (?), feverfew, tansy, and Blumea 
balsamifera; /-camphor in the oil of Chrysanthemum sinense 
var. japonicum. Camphor has also been reported as being 
present in a number of other oils, however, without record as 
to the angle or direction of rotation: in the oils of Piper cam - 
phoriferum, P. angustiiolium var. ossanum, cinnamon root, and 
of Seychelles cinnamon bark. It may be added that an animal, 
the Polyzonium rosalbum, probably secretes camphor. 1 ) 


') Cook, Chem. Zentralb. IflOl, I. 191. 
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Synthetically, camphor has been obtained by the dry distil- 
lation of the lead 1 ) or calcium-) salts of homocamphoric acid 
(Haller’s hydroxycamphocarboxylic acid). However, this synthesis 
was only a partial one, since the homocamphoric acid was ob- 
tained from a derivative of camphor. The complete synthesis of 
camphor was later successfully accomplished by Komppa 8 ) who 
likewise succeeded in effecting the synthesis of camphoric acid. 

Camphor can be isolated from the volatile oils containing 
it by freezing, if necessary after fractionation. It consists of a 
granular-crystalline, colorless, translucent mass with a decided 
tendency toward sublimation. It has a characteristic odor and 
is readily soluble in organic solvents. When cast on water, small 
pieces rotate in a very lively manner. By various observers its 
properties have been recorded as follows: 

d lv , 0,9853 (determined for /-camphor); 1 ) 

m. p. 176,3 to 176,5°; b. p. 209,1° (759 mm., mercury com- 
pletely within the vapor); 5 ) 

m.p. 178,4’; [«] 1( | 41 ,44 and -42,76°;") 

m. p. 175 ; b. p. 204° ; 7 ) 

m. p. 175°; b. p. 204°; [«]„ ; 44,22° in 20 p. c. alcoholic 
solution.'') 

The world's consumption of camphor is very large, for the 
manufacture of celluloid ware alone enormous quantities arc 
used. It is also used extensively in the manufacture of smoke- 
less powder, for disinfection and for medicinal purposes. This 
great demand has given rise to its synthetic production from 
turpentine spirits on a commercial scale. In general, one of 
two methods is followed: Either pinene is converted into bornyl 

x ) Haller, Contrih. a I'ttude da campfire. ThL'se. Mancy 1879, p. 34; 
Bull. Soc. chim. ill. 13 (1896), 324. 

-) Bredt and v. Rosenberg, Liebig’s Annalen 2ND (1896), 5. 

!1 ) Berl. Berichte 36 (1903), 4332 ; 41 (1908), 4470; Liebig’s Annalen 3«H 
(1909), 110 ; 370 (1909), 209. 

‘) Chautard, Jahresber. d. Chem. 1N63, 555. 

n ) Foerster, Berl. Berichte 23 (1890), 2983. 

") Haller, Compt. rend. 1U» (1887), 229. 

’) Landolt, Liebig’s Annalen 1SSI (1877), 333. 

“) Beckmann, Liebig’s Annalen 250 (1889), 353. As to the influence 
exerted by the solvent and by the degree of concentration of the solution, 
compare Landolt, loc. cit., also Rimbach, Zeitschr. f. physik. Chem. 0 (1892), 701. 
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chloride by means of hydrogen chloride, which by way of cam- 
phcne and /soborneol is changed to camphor; or pinene is directly 
converted into esters of borneol or /soborneol. 

At all times camphor has aroused the interest of chemists, 
hence the literature on this subject has grown to large dimensions. 
In conformity with the object of this book, only those derivatives 
will be considered that are suited to its identification. 

Camphor is a ketone, C 1() H lrt O, but does not combine with 
acid sulphite. With hydroxylamine it yields an oxime (see below) 
from which, however, the ketone cannot be regenerated in a pure 
state for the reason that the oxime, when treated with acids, 
looses water and yields the amide and nitrile, C ft H iri CM, of 
campholenic acid. 

If in ethylalcoholic solution, or better still in amylalcoholic 
solution, camphoroxime is reduced with sodium, two isomeric 
bornylamines result (m. p, 163 and 180° respectively). 1 ) A similar 
base melting at 159 to 160 results when camphor is heated 
with ammonium formate to 220 to 230 '.-) 

Upon reduction with hydrogen camphor is converted into 
the alcohol borneol, C 1() H lh O. If the addition of hydrogen takes 
place in indifferent solvents, some /soborneol results, also camphor 
pinakone, m. p. 157 to 158V) In alcoholic solution it is reduced 
essentially to a mixture of borneol and /soborneol. 1 ) 

Oxidation with nitric acid yields dibasic camphoric acid, 
C,„H 1( ,0 4 (m. p. of the active compound 187 r , of the inactive 
modification 204 to 205'), and, if oxidized farther, tribasic cam- 
phoronic acid, C h H J 4 0„ (m. p. 139 ). From the constitution of 
the decomposition products of these acids, numerous conclusions 
as to the constitution of camphor itself have been drawn. Of 
the many formulas proposed for this ketone, that of Bredt*) given 
above is alone generally recognized at present. 

Dehydrating agents act energetically on camphor. Thus the 
action of phosphoric acid anhydride yields p-cymene, of sulphuric 


*) Forster, Journ. chem. Soc. 751 (1898), 386. 

■-') Leuckart and Bach, Berl. Berichte ‘30 (1887), 104; Wallach and Griepen- 
kerl, Liebig’s Annalen 2ltt> (1892), 347. 

:1 ) Beckmann, Berl. Berichte 27 (1894), 2348; Liebig’s Annalen 202 (1896), 1. 
') Beckmann, Journ. f. prakt. Chem. II. 35 (1897), 35. 

*) Berl. Berichte 20 (1893), 3049. 
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acid and zinc chloride yields other products as well. The action 
of iodine results in the formation of carvacrol. 

For the identification of camphor it is converted into the 
oxime. This compound discovered by Naegcli *) is best prepared 
according to the method of Auwers.*) To a solution of 10 p. 
camphor in 10 to 20 times its weight of 90 p. c. alcohol, a solution 
of 7 to 10 p. of hydroxylamine hydrochloride and 12 to 17 p. of 
soda lye are added. The mixture is digested on a boiling water 
bath until the substance precipitated by water dissolves to a clear 
solution in soda lye. The oxime precipitated by water is rccrystal- 
lized from alcohol or ligroin. It melts at 118 to 1197') The 
oxime from (/-camphor is Izevogyrate, that from /-camphor, dextro- 
gyrate. 1 ) [«]j) in alcoholic solution +41,3'. 

For the identification of camphor the following compounds 
may also be utilized, viz . the semicarbazonc, m. p. 236 to 238 \ 
the /?-bromphenylhydrazone, m. p. 101 /) the oxymethylene 
derivative, m. p. 80 to 81°, and the benzylidene derivative, the 
active modification of which melts at 95 to 96 and the inactive 
modification at 78°. 

Frequently it is necessary to identify camphor mixed with 
borneol. According to Haller’s method,'') the mixture is heated 
with succinic or phthalic acid anhydride and rendered alkaline 
causing the acid ester of borneol to go into solution. From 
this alkaline solution the camphor can be extracted with ether. 
According to another method, the borneol can be converted into 
esters with high boiling point, such as the succinate or stearate, 
and the camphor distilled over with water vapor. According to 
a third method, the camphor can be converted into its oxime 
and dissolved in dilute sulphuric acid. Shaking with ether 
then removes the borneol. However, the ethereal solution should 
in turn be shaken repeatedly with dilute sulphuric acid, since 
the ether also dissolves some of the camphor oxime. 

*) Berl. Berichte 1ft (1883), 497. 

’) Ibidem 22 (1889), 605. 

a ) Bertram and Walbaum, Journ. f. prakt. Chem. II. 49 (1894), 10; Bredt 
and v. Rosenberg, Liebig’s Annalen 289 (1896), 6. 

4 ) Beckmann, Liebig's Annalen 250 (1889), 354. 

*) Tiemann, Berl. Berichte 28 (1895), 2191. 

rt ) Compt. rend. 108 (1889), 1308. 
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Fenchone. 
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Fenchone is a ketone C (l) H 1(i O which closely resembles 
camphor but is liquid at ordinary temperature. In volatile oils 
both optically active modifications occur. t/-Fenchonc has been 
found in fennel oil and in the oil of Lavandula Stvechas, whereas 
/-fenchone has been found in the oil of Arbor vitae. For the 
fenchone found in the oil of Thuja plicata the direction of 
rotation has not been recorded. 

For its purification, 1 ) the accompanying substances found 
in fraction 190 to 195 n arc removed by oxidation with cither 
concentrated nitric acid or permanganate solution. Fenchone, 
being very stable toward oxidizing agents, is effected but little. 
Having thus been purified in a fair measure, it congeals in the 
cold and can be further purified by crystallization. However, 
small amounts of camphor, resulting from the oxidation of 
borneol esters, cannot be removed in this manner. Methods 
for the separation of these two ketones are given below. 
Artificially fenchone is obtained by the oxidation of fenchyl 
alcohol. 

Pure fenchone is a water-white, somewhat oily liquid, with 
an intense, camphor- like odor and a bitter taste. As to its 
physical properties, Wallach 2 ) records the following data: 

M. p. H- 5 to 6"; d w 0,9465, d, ir 0,943; [«] I11B - +71,97° and 
— 66,94 ' resp. (in alcoholic solution); 3 ) n 1)]r 1 ,46306. 


’) Wallach, Liebig’s Annalen 2B8 (1891), 130. 

-) Liebig’s Annalen (1891), 131; ‘272 (1893), 102. 
s ) The lower angle of rotation is explained by a small camphor content 
of the oxime examined. Wallach, Liebig’s Annalen 358 (1907), 215. 
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acid and zinc chloride yields other products as well. The action 
of iodine results in the formation of carvacrol. 

For the identification of camphor it is converted into the 
oxime. This compound discovered by Naegcli *) is best prepared 
according to the method of Auwers.*) To a solution of 10 p. 
camphor in 10 to 20 times its weight of 90 p. c. alcohol, a solution 
of 7 to 10 p. of hydroxylamine hydrochloride and 12 to 17 p. of 
soda lye are added. The mixture is digested on a boiling water 
bath until the substance precipitated by water dissolves to a clear 
solution in soda lye. The oxime precipitated by water is rccrystal- 
lized from alcohol or ligroin. It melts at 118 to 1197') The 
oxime from (/-camphor is Izevogyrate, that from /-camphor, dextro- 
gyrate. 1 ) [«]j) in alcoholic solution +41,3'. 

For the identification of camphor the following compounds 
may also be utilized, viz . the semicarbazonc, m. p. 236 to 238 \ 
the /?-bromphenylhydrazone, m. p. 101 /) the oxymethylene 
derivative, m. p. 80 to 81°, and the benzylidene derivative, the 
active modification of which melts at 95 to 96 and the inactive 
modification at 78°. 

Frequently it is necessary to identify camphor mixed with 
borneol. According to Haller’s method,'') the mixture is heated 
with succinic or phthalic acid anhydride and rendered alkaline 
causing the acid ester of borneol to go into solution. From 
this alkaline solution the camphor can be extracted with ether. 
According to another method, the borneol can be converted into 
esters with high boiling point, such as the succinate or stearate, 
and the camphor distilled over with water vapor. According to 
a third method, the camphor can be converted into its oxime 
and dissolved in dilute sulphuric acid. Shaking with ether 
then removes the borneol. However, the ethereal solution should 
in turn be shaken repeatedly with dilute sulphuric acid, since 
the ether also dissolves some of the camphor oxime. 

*) Berl. Berichte 1ft (1883), 497. 

’) Ibidem 22 (1889), 605. 

a ) Bertram and Walbaum, Journ. f. prakt. Chem. II. 49 (1894), 10; Bredt 
and v. Rosenberg, Liebig’s Annalen 289 (1896), 6. 

4 ) Beckmann, Liebig's Annalen 250 (1889), 354. 

*) Tiemann, Berl. Berichte 28 (1895), 2191. 

rt ) Compt. rend. 108 (1889), 1308. 
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to 1897) also acetic and oxalic acids. Upon oxidation with 
concentrated nitric acid it also yields /socamphoronic acid and 
dimethyltricarballylic acid. 2 ) 

In like manner as camphor yields p-cymene when treated 
with phosphoric acid anhydride, so fenchone yields / 77 -cymene. 
When acted on by concentrated sulphuric acid, fenchone yields 
4-acetyl-1,2-xylcne. 3 ) 

By the action of sodium amide on fenchone, Semmler 4 ) 
obtained a dihydrofencholenic acid amide melting at 94 n . 

The scmicarbazonc of fenchone is formed exceedingly slowly. 
Only recently Wallach r> ) has pointed out a convenient method 
for its preparation. 10 g. scmicarbazide hydrochloride and 10 g. 
sodium acetate are dissolved in 20 ccm. ofwater. To this reagent 
a solution of 10 g. fenchone in 50 ccm. alcohol is added. The 
clear solution is set aside at room temperature for at least two 
weeks when the reaction product is distilled with steam. Alcohol 
and uncombined fenchone distil over, whereas the semicarbazone 
congeals in part to a compact mass, in part crystallizes from 
the hot water in which it is not completely insoluble. From 
dilute alcoholic solutions it crystallizes in thick, well-defined, 
shiny rhombic prisms, one centimeter long, which melt at 182 
to 183 ". The inactive form melts at 172 to 173"' and docs not 
possess the same crystallising capacity. 

Inasmuch as the semicarbazone of camphor is formed much 
more readily, this difference in behavior can be utilized for 
the separation of camphor from fenchone/) Another method 
of separation, proposed by Semmler, 7 ) is based on the different 
behavior of the two ketones when boiled with sodium. Camphor 
reacts with the formation of sodium camphor, whereas fenchone 
is said to remain unchanged. Wallach V) investigations, however, 
have revealed that fenchone also does not remain unchanged 

h Wallach, ibidem 98 (1891), 134. 

Gardner and Cockburn, journ. chem. Soc. 73 (1898), 708. 

*) Marsh, Journ. chem. Soc. 75 (1899), 1058; Wallach, Liebig’s Annalen 
315 (1901), 295. 

') Deri. Berichte 39 (1906), 2578. 

n ) Liebig’s Annalen 353 (1907), 211. 

") Wallach, Liebig’s Annalen 853 (1907), 213ff. 

7 ) Berl. Berichte 40 (1907), 4591. 

s ) Liebig’s Annalen 309 (1909), 65. 
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when boiled with sodium, but that ultimately’ the change is as 
complete as with camphor, the reaction only progresses more 
slowly. Hence the separation of fcnchone from camphor by 
means of distillation over sodium is accompanied by consider- 
able loss. 

Finally, the method of separation by means of aluminium 
chloride recently suggested by Leroide 1 ) should be mentioned. 

Thujone. 
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Thujone, C 1() H ](1 0, occurs in two physically isomeric forms, 
namely as lawogyrate «-thujone and as dextrogyrate ^-thujone 
(the tanacetone of Semmler). These two modifications are not 
optical antipodes. They can be clearly distinguished by means 
of their semicarbazones, and by treatment with alkali can be 
converted partly into each other. 2 ) Thujone was discovered 
simultaneously by Wallach 3 ) and Semmler:*) the laevogyratc 
thujone by Wallach in thuja oil, the dextrogyrate thujone by 
Semmler in tansy oil. To the latter ketone Semmler applied the 
name tanacetone, whereas Wallach named this dextrogyrate 
modification ^-thujone. 

In addition to the oils already mentioned, ^-thujone occurs 
in the leaf oil of Thuja plicata, in oil of sage, and in the oil of 

*) Scientific and Industrial Bulletin of Roure-Bertrand Fils October 190#, 39; 
Report of Schimmel §Co. April 1910, 184. 

3 ) Wallach, Liebig’s Annalen M (1904), 249. 

») Liebig’s Annalen 272 (1893), 99. 

*) Berl. Berichte 25 (1892), 3343. 
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Artemisia Barrelieri; ./-thujone in oil of sage, in the oil of 
Artemisia Barrelieri , and particularly in oil of wormwood. From 
oils rich in thujonc, such as tansy oil and the oil of Artemisia 
Barrelieri, the ketone can readily be separated in the form of 
its bisulphite addition product, which, upon decomposition with 
soda, yields pure thujonc. For the preparation of the acid sul- 
phite addition product, ammonium bisulphite is used, some alcohol 
is added to the mixture, which is set aside for some time and 
is frequently shaken. 

Thujonc is a colorless liquid with a pleasant, refreshing odor. 
For the ketone regenerated from the bisulphite addition product or 
from the scmicarbazone, Wallach found the following constants: 1 ) 

d Mt . 0,9175; n„ 1,45109; d* r 0,916; n„ 1,4507. 

For «-thujonc regenerated from the scmicarbazone by means 
of dilute sulphuric acid, Wallach-') found: 

B.p. 200 to 201 ; d 0,912; u lt -5 13'; n lw . 1,4503. 

When phthalic acid anhydride was used for the regeneration 
an optical rotation [«]„ — 10,23 was observed. For ^-thujone, 
obtained from the scmicarbazone, [«']„ i- 76,16” was observed. 
When acted upon with alkali, ^-thujonc is very readily changed 
to ; i-thujonc, a change that must not be overlooked in the attempt 
to identify a natural thujonc. 

Thujonc is a saturated ketone, nevertheless it is readily 
acted upon by permanganate. Bromine produces substitution 
products. 

As already pointed out thujonc differs in its behavior from 
camphor and fcnchonc in the formation of an acid sulphite addition 
product. With hydroxylaminc it yields an oxime :i ) which melts 
at 54 to 55 ' and which corresponds to /Mhujone, whereas the 
oxime of ^-thujone is liquid. When acted upon by phosphorus 
pentachloridc, the crystalline oxime is changed to an isoxime 4 ) 
melting at 90 , and, when heated with dilute alcoholic sulphuric acid, 

') Berl. Berichte 2S (1895), 1965. 

'-) Liebig's Annalen 83® (1904), 263. 

!l ) Wallach, Liebig's Annalen 277 (1893), 159; Semmler, Berl. Berichte 
25 (1892), 3344. 

4 ) Wallach, Liebig's Annalen 2 M (1895), 94; 388 (1904), 270. 
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into carvacrylamine. 1 ) With semicarbazide solution, 2 ) cr-thujone 
yields a semicarbazone that melts at 186 to 188 0 . 3 ) There exists 
also an amorphous modification which melts at about 1 10°. From 
7-thujone a hexagonal semicarbazone, melting at 174 to 175°, can 
be derived which changes spontaneously into a stable rhombic 
form that melts at 170 to 172°, 

Upon reduction thujone is changed to thujyl alcohol, C 10 H, h O, 
the corresponding secondary alcohol, 4 ) which has already been 
described on p. 397. 

When oxidized with permanganate in the cold, thujone yields 
a saturated ketonic acid C 10 H in O a , 6 ) the «-thujakctonic acid, 
which melts at 75 to 76\ When heated or distilled in vacuo , it 
is readily changed into the isomeric, unsaturated ^-thujaketonic 
acid, which melts at 78 to 79’. When acted upon by hypo- 
bromitc, the corresponding dicarboxylic acids C w h n 0 4 result, ") 
of which the tf-acid melts at 141,5”, the ,/-acid at 116 to 118'. 
Upon destructive distillation, both ketonic acids yield thujaketone, 7 ) 
C ft H,„0, the odor of which resembles that of methylheptenone. 
As “Abbau” product, both ketones also yield f)-(™-)dimethyl- 
lajvulinic acid, which melts at 32°. s ) 

If thujone is heated for a long time to 280” in scaled tubes, 
it is changed into an isomeric, unsaturated ketone C 10 H J(1 O, the 
odor of which resembles that of carvonc, and which has been 
named carvotanacctone. 0 ) judging from the reduction in the angle 
of rotation, this change appears to take place even upon prolonged 
boiling. Another isomeric, unsaturated ketone, /sothujone, results 
when thujone is moderately heated with dilute sulphuric acid. 10 ) 

‘) Semmler, Berl. Berichte 25 (1892), 3352. 

») Wallach, Liebig’s Annalen 2N0 (1895), 94 ; 380 (1904), 270. 

3 ) This melting point applies to the perfectly pure compound only. 
Commonly 184,5 to 186 n is found. 

4 ) Semmler, Berl. Berichte 25 (1892), 3344. 

») Semmler, Ibidem 3347; Wallach, Liebig's Annalen 272 (1893), 111; 
Berl. Berichte 30 (1897), 423. 

") Semmler, Ibidem 3346. 

■) Wallach, Liebig’s Annalen 272 (1893), 116; 275 (1893), 164. 

’’) Tiemann and Semmler, Berl. Berichte 30 (1897), 429 ; 31 (1898), 2311. 

’■) Semmler, Berl. Berichte 27 (1889), 895. 

«) Wallach, Liebig’s Annalen 280 (1895), 101; 823 (1902), 334; Berl. Be- 
richte 28 (1895), 1959 ; 80 (1897), 26. 
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Upon reduction, /sothujonc is converted into the saturated thuja- 
menthol. When boiled with a solution of ferric chloride, thujone 
is converted into carvacrol. 

The structural formula given above was based by Semmler 1 ) 
on the physical and chemical properties of thujone. Somewhat 
later it was accepted by Wallach.-) 

The tribromidc is best suited for the characterization of 
thujone. According to Wallach :! ) it is prepared by adding at 
once 5 ccm. of bromine to a solution of 5 g. of thujone in 
30 ccm. petroleum ether contained in large beaker. After a few 
seconds a rather violent reaction sets in accompanied by the 
evolution of hydrogen bromide. Upon evaporation of the solvent, 
the tribromide separates gradually as a crystalline mass which is 
freed from adhering oil by washing it with cold alcohol, and which 
can be rccrystallizcd from hot acetic ether. The melting point of 
the pure compound lies at 121 to 1 22 ‘. When acted on with methyl- 
alcoholic or ethylalcoholic potassium hydroxide solution, the phenols 
C 1( ,H n Br(OH)(OCH.,) and C I0 H n Br(OH)(OC,H B ) respectively 
result. The former melts at 156 to 157°, the latter at 144 to 145", 

For the identification of the «- and ./-modifications of thujone 
the scmicarbazones described above are made use of. 
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This violet perfume of the formula C^H^O, the presence 
of which in nature has not yet been definitely established, was 


‘) Bert. Berichte » (1900), 275, 2454. 

3 ) Liebig’s Annaien 32* (1902), 371. 

!t ) Ibidem 575 (1893), 179; m (1895), 109. 
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first obtained synthetically in 1893 by Tiemann and Kruger. 1 ) 
Since then a considerable number of patents have been issued 
for the preparation of “violet ketones” /. e., for that of ionone 
and its homologues. 

The preparation of ionone is based on the condensation of 
the olefinic aldehyde citral with acetone. In the presence of 
alkalies the olefinic ketone, the pseudoionone of the formula 
C 13 H J() 0, results. In the presence of acid reagents, whether 
weak or strong, either at low or higher temperatures, this 
pseudoionone rearranges itself to the cyclic, isomeric ketone, 
the ionone. 


CH, 

, C : CH • CH., • CH, -CiCHCHO-b CH, COCH, - H,0 + 
CH/ I ' ' ' 
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The inversion of pseudoionone to ionone may be brought 
about more particularly by concentrated sulphuric acid, phos- 
phoric acid, formic acid, and oxalic acid, also by dilute mineral 
acids and solutions of acid alkali sulphates, even by neutral salts 
such as sodium acetate and magnesium sulphate in an autoclave. 
In the case of the concentrated acids, the action should be restricted 
to a lower temperature, also to a shorter time. In the case of 
dilute acids and other substances, prolonged heating is required. 
In all of these reactions a mixture of two isomers, the «- and 
i^-ionone, is formed. 

If in place of acetone its homologues be employed, the 
corresponding homologues of pseudoionone are formed, which 
can be inverted into the isomeric ionone derivatives as stated 
above. 

Reduced pseudoionones and homologues thereof are obtained 
by the condensation of citroncllal with acetone and its homologues. 
These in turn can be isomerised to the corresponding iononcs 


’) Berl, Berichte 38 (1893), 2691. 
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and homologucs by means of acids. Acetyl pseudoionones and 
acetyl ionones have also been prepared. As the most important 
representative of the cyclocitral series, ionone is of considerable 
scientific interest. 

PSEUDOIONONE, Although this ketone does not react im- 
mediately with sodium acid sulphite solution at ordinary tem- 
perature, it docs combine with it upon prolonged heating to a 
hydrosulphonic acid derivative which is soluble. 1 ) This compound 
can be utilized for the preparation of pure pseudoionone. The 
solution is first shaken repeatedly with ether or other immiscible 
solvent for the purpose of removing aldehyde resins or other 
impurities. The ketone is then regenerated with the aid of alkali 
at ordinary or lower temperature. 

Pseudoionone is a light yellow, strongly refractive, somewhat 
viscid oil, the odor of which is little characteristic. Its con- 
stants arc: 

B. p. 143 to 145 (12 mm.); d., nu 0,8980; n„ 1,53346. 

Of characteristic derivatives the /;-bromphcnylhydrazonc, 
melting at 102 to 104 , may be mentioned. 

lONONE. As already pointed out, the production of ionone 
results invariably in the formation of a mixture of two iso- 
mers. If concentrated sulphuric acid be used, or if dilute 
sulphuric acid be allowed to react for a longer period-), the 
resulting mixture consists largely of ,^-ionone. If, however, the 
inversion be brought about by concentrated phosphoric or for- 
mic acids, fHononQ results almost exclusively. Toward acid 
sulphite solution ionone behaves like pseudoionone. The resul- 
ting hydrosulphonic acid can be well utilized for the purification 
of ionone. 

Freshly distilled ionone is a colorless oil with a decided odor 
of ccdarwood. It is only in dilute solution, e. g. in alcohol, that 
its odor of violets, reminding at the same time somewhat of 
grape blossoms, becomes apparent. Noteworthy is also the 
property of ionone to benumb the sense of smell. 

‘) Tiemann, Bcrl. Berichte ill (1898), 842. 

*) Tiemann, Bcrl. Berichte ill (1898), 868, 870. 
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Even the ionones purified through the hydrosuiphonic addition 
products vary more or less in their «- and ^-ionone content 
according to the reagents employed in their isomerization, hence 
their physical constants vary appreciably. For a pure ionone, 
consisting however of a mixture of the two isomers, Tiemann 1 ) 
records the following constants: 

B.p. 126 to 128° (10 mm.); d, () , 0,9351 ; n f> 1,507; 

whereas Schimmcl $ Co. observed the following on their own 
products: 

B. p. 104 to 109° (4 to 5 mm.); d l# . 0,9350 to 0,9403; d*. 
0,9335; n J>20 „ 1,50335 to 1,50510; soluble in 2,5 to 3,0 vols. 
of 70 percent, alcohol. 

As to odor, the differences between «- and ^-ionone arc but 
slight, yet nevertheless recognizable by the expert. That of «- 
ionone is fresher and more fragrant than that of its isomer, which 
is rather strong and reminds more of the odor of the leaves of 
the violet. Hence the former is preferred. 

To u-lONONE Tiemann') assigns the following properties: 

B.p. 123 to 124’ (11 mm.); d*. 0,932; n„ 1,4980. 

Chuit 8 ) found: 

B.p. 127,6 (12 mm.); d J6 , 0,9338; n llj; .,, 1,50001. 

The /?-bromphcnylhydrazone, which is best suited for the 
characterization of u-ionone, melts at 142 to 143'’. It is prepared 
in glacial acetic acid solution and recrystallized from dilute methyl 
alcohol or ligroin. The scmicarbazonc melts at 107 to 108’, 
respectively at 137 to 138°, the thiosemicarbazone at 121 ’, the 
oxime at 89 to 90 . 

For pure p-IONONE Tiemann 4 ) determined the following 
constants: 

B. p. 127 to 128, 5 r (10 mm.); d jr 0,946; n wr 1,521; 


*) Berl. Berichte 81 (1898), 851. 

') Berl. Berichte 81 (1898), 876. 

:f ) Rev. gen. de Chim. C> 09O3\ 432; Chem. Zentralbl. 1M, I. 280. 
4 ) Berl. Berichte 31 (1898), 871, 879. 
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Chuit 1 ) the following: B. p. 134,6° (12 mm.); d 1B „ 0,9488; 
n m7 . B . 1,52008. 

-Monone can best be identified by means of itssemicarbazone 2 ) 
which melts at 148 to 149°. Its /?-bromphcnylhydrazone melts 
at 116 to 118°, its thiosemicarbazonc at 158°, its hydrazone at 
104 to 105°. The oxime is liquid. 

Concentrated sulphuric acid inverts «-ionone to ,^-ionone. 
Inversely, ^-ionone can be changed, though more difficultly, to 
«-ionone by means of alcoholic potassa. 

The physical constants of commercial iononc do not afford 
a definite clue as to its purity. In order to test such a preparation 
as to its purity, the by-products that result during its manufacture 
should be removed. 

For this purpose the oil to be examined is boiled for 10 
to 15 hours with thrice its weight of sodium acid sulphite 
solution in which the free sulphurous acid has been neutrali- 
zed with dilute soda solution. The duration is dependent on 
the reaction of the iononc with the bisulphite. According 
to Schimmel $ Co., the addition of alcohol suggested by 
Schmidt,") is not necessary. In order to remove those sub- 
stances that have not combined with the acid sulphite, the 
solution after having been diluted with water is extracted 
four times with ether. If the ionone is comparatively pure, 
the addition of water will cause but a slight turbidity, if im- 
pure the separation of an oil. Should the separated portion 
smell of ionone, a second treatment with acid sulphite is neces- 
sary. The difference between the amount originally used and 
the amount extracted is computed as ionone. Some idea as 
to the relative proportions of a- and ( >'-ionone present can be 
obtained from the physical constants of the mixed ionones 
separated from the acid sulphite addition product by means 
of lye, also by means of the scmicarbazonc and /?-bromphenyl- 
hydrazone. 


J ) Loc. cit. 

*) For the purification and separation of the ionone semicarbazones 
compare Tiemann, Berl. Berichte 31 (1898), 875, 1736. 

- 3 ) Zeitschr. f. angew. Chem. 13 (1900), 189. 
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/rone. 



H,C-OC-HC:HC-HC 



C 


H„C CH, 

Irone, C J3 H 20 O, has thus far been found only in orris oil, 
the German “Veilchenwurzelol” (from Iris f/orentina, l pallida, 
A germanica). Ticmann and Kruger 1 ) were the first tho isolate 
it from orris root and to recognize it as a cyclic ketone isomeric 
with ionone. They obtained it by extracting orris root with organic 
solvents and distilling the evaporated extract with steam. Since 
liquid orris oil is to be had in the market, irone can be obtained 
from it by fractional distillation. It collects in fraction 105 to 120° 
obtained under a pressure of 4 mm. It is purified through the 
oxime or phenylhydrazone from either of which it can be con- 
veniently regenerated. 

Irone is a colorless oil. Its peculiar odor,-) which reminds of 
certain species of violets, is brought out only in extreme dilution. 
For the carefully purified ketone, Tiemann and Kruger (!oc. cit.) 
report the following constants: 

B. p. 144" (16 mm.); d 2r 0,939; «„ abt. + 40°; n wo . 1,50113. 

For a preparation isolated from the sodiam salt of the phenyl- 
hydrazine sulphonic acid derivative, 8 ) Schimmel Co. observed 
the following constants: 

B.p. Ill to 112° (2mm.); d 15 .0,9391; « D +33 n 3r ; n liwr 1,501 73. 

For the characterization of irone its /?-bromphenylhydrazone 
is well suited. According to Schimmel § Co. it melts at 174 

') Berl. Berichte (1893), 2675. 

') Tiemann’s observation that irone possesses a pungent odor is not 
correct. 

") For the technique to be observed in the preparation of this compound 
compare the expert testimony given by v. Baeyer, Berlin 1899, p. 22. 
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to 175V) It is crystallized from methyl alcohol. According to 
Chuit-) the thiosemicarbazone melts at 181 . The oxime, which 
melts at 121,5°, crystallizes with difficulty. The melting point of 
70 to 80 found for amorphous semicarbazone :1 ) by Schimmcl $ Co., 
gives rise to the suspicion that this is a mixture of isomeric 
derivatives. 

When irone is acted upon by hydrogen iodide, dehydration 
and ring-formation take place and irene, C J;) H 1K , is formed, which 
hydrocarbon is isomeric with ionene. 

It is only recently that Merling and Weldc 4 ) have succeeded 
in preparing irone synthetically. This synthesis is based on the 
formation of /I'-cyc/ocitral which, upon condensation with acetone, 
yields irone. /sopropylidcneacctoacctic ester is condensed with 
sodium acctoacctic ester to /sophorone carboxylic acid ester. 
From this tZ-chlorcyc/ogcranioldiene carbonic acid and A'-cydo- 
geranic acid are obtained. According to a special method*) 
the latter is converted into .4 4 -cyc’/ocitral. 


PHENOLS AND PHENOL ETHERS. 

The phenols and their ethers occur frequently in volatile 
oils. On account of the practical importance which many have 
acquired, they are prepared on a large scale. Thus thymol finds 
application on account of its antiseptic properties, anethol is 
used in pharmacy and in the production of liqueurs, eugenol 
and safrol arc basal substances from which vanillin and helio- 
tropin are manufactured. 

The lower homologues of the series in question occur but 
rarely in volatile oils. 


') Tiemann and Kruger mention 168 to 170° as the melting point. 
*) Rev. gen. de Chim. 1> (1903), 433; Chem. Zentralbl. 11104, 1. 281. 
8 ) Compare Berl. Berichte 2N (1895), 1755. 

») Liebig’s Annalen W& (1909), 119. 
ft ) Merling, Berl. Berichte 41 (1908), 2064. 
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Thymol 

CH, 

I 

C 


HC CH 

HC COH 

C 

! 

CH 

H,C CH., 

Thymol (/sopropyl-m-cresol), C 10 H n O, is frequently accom- 
panied by carvacrol. In addition to /;-cymcne and terpenes, it 
constitutes the larger part of ajowan oil. It occurs also in the 
oils of Ocimum viride, Monarda punctata, Satureja Thymbra, 
Origanum f/oribundum, thyme, Thymus capitatus, wild thyme, 
Mosla japonica and probably also in Canadian mint oil and in 
culina oil. Occasionally it separates from the oils at ordinary 
temperature. 

As a source for thymol on a large scale, ajowan oil is 
mostly used. 

Artificially it can be prepared in a variety of ways. Of in- 
terest is its production from dibrommcntllone by splitting off 
hydrogen bromide by means of quinoline. J ) 

Thymol consists of colorless, transparent, monoclinic or 
hexagonal crystals, the odor of which reminds of thyme. They 
melt at 50,5 to 51,5° and boil at 232 r (752 mm., the entire 
mercury thread in the vapor). Thymol crystals sink in water, 
hence have a density greater than 1. Liquid thymol, how- 
ever, floats on the surface of water. It can be cooled con- 
siderably below its congealing point without solidifying. In 


') Beckmann and Eickelberg, Berl. Bedchte 2# (1896), 420. 
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connection with liquid thymol, Perkin 1 ) has observed the fol- 
lowing densities; 

d 4 , 0,9872; d lftU 0,9790; d*. 0,9757; d 2B . 0,9723; d 5r 0,9624. 

As for the index of refraction (n, ,.,„.) Nasini and Bernhcimcr 2 ) 
record 1,51893. Schimmel & Co. found: 

d W o 0,9760 and n l)S() J ,52269 (supercooled). 

Thymol is but sparingly soluble in water (1:1200) and in 
glycerin (1:1000), more so in paraffin oil (about 1:20), readily 
in alcohol, ether, chloroform, benzene, glacial acetic acid, volatile 
and fatty oils. In distinction to carvacrol, the alcoholic solution 
is not colored by ferric chloride. However, the aqueous solution 
of thymol sulphonic acid, C H h. ) (SO :j H)(CH ;i )(C it H 7 )(OH) resulting 
upon the solution of thymol in concentrated sulphuric acid pro- 
duces a violet color with ferric chloride. 

As a phenol, thymol forms water soluble “salts” with the 
alkalies. Hence it can be shaken out from its ethereal solution 
by means of 5 to 10 p. c., aqueous solutions of alkali. This 
property is utilized for the quantitative estimation of thymol. 
(Comp, the chapter on “The estimation of volatile oils” under 
Phenol determinations.) 

Of thymol derivatives the following may here be mentioned: 
the phenylurethane, m. p. 107°, and the nitroso compound, m. p. 160 
to 162" :J ) which results from the action of nitrous acid upon thymol. 
Upon oxidation it can be converted into thymoquinone. 

Like its derivatives, thymol possesses decided disinfecting 
properties. These are, however, destroyed in the presence of 
oxidizing ferments in the presence of air. 4 ) 

Ethers from neither thymol nor carvacrol have been found in 
volatile oils. Guillaumin 5 ) has prepared and described isomerides 
of thymol, but as yet it is not known whether or not these 
occur in volatile oils. 

‘) Journ. chem. Soc. 06 (1896), 1183. 

*) Gazz. chim. ital. 15 (1885), 59; Jahresber. d. Chem. 188T>, 314. 

■*) For the method of preparation comp. Wages, Berl.Berichte {{2 (1899), 1518. 

*) Cousin and Hcrissey, |ourn. de Pharm. et Chim. VI. 26 (1907), 487. 

A ) ttude chimique et pharmacologiqite des thymols synthttiques ddrivts 
des acides ertsotiniques. Inaug . Dissert., Paris 1909; Report of Schimmel $ Co. 
April 1006, 136. 
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Carvacrol (/sopropyl-o-crcsol), C ltt H J4 0, occurs principally 
in labiate oils. Thus far its presence has been demonstrated 
in camphor oil, schinus oil, the oils of Monarda punctata (?), 
M. fistulosa, M. citriodora, Saturcja hortensis, S. montana, 
Origanum vuigare, in the origanum oils from Trieste, Smyrna, 
Cyprus, and Syria, in the oils of thyme and wild thyme, and in 
the oil of Thymus capitatus (?). 

Artificially carvacrol can be obtained from its isomeride 
carvone by treating this ketone with potassa, sulphuric acid, or 
phosphoric acid; from camphor by heating it with iodine; from 
cymcnc sulphonic acid by fusion with potassa; also from a 
number of terpene derivatives, thus from thujone, carvenone, 
carvotanacetonc, dihydrocarvone, nitrosopinene, ketoterpin, and 
terpinene erythrite. ^ 

Freshly distilled, carvacrol is a colorless, viscid oil which 
becomes yellowish in the course of time, and which congeals 
in the cold. Its alcoholic solution is colored green by ferric 
chloride. The following constants are recorded: 

M. p. + 0,5 to + 1°; b. p. 236 to 237° (corr.) ; d u . 0,981 ; 
n„ 1,525. 1 ) 

B.p. 119" (16 mm.); d^, 0,9782; n„ 1,5228.*) 

') jahns, Berl. Berichte 15 (1882), 817. 

4 ) Semmler, Berl. Berichte 25 (1892), 3353. 
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For carvacrol from origanum oil Gildemeister found: 1 ) 

M.p. 4-0,5’; b. p. 235,5 to 236 , 1 (742 mm.); d 1B . 0,980; 
d, r 0,976; n IW 1,52338; 
and for carvacrol prepared from carvonc: 

M. p. f 0,5 r ; b. p. 236 to 236,5 (742 mm.); d 16 0,983; 
d 2 „ 0,979; n Ilsr 1,52295. 

In connection with products made on a large scale, Schimmel 
and Co. observed: 

d J(V about 0,98; 4 O'; n ltttt . 1,523 to 1,524; soluble in 3 vols. 

of 70 p. c. alcohol. 

Like thymol, carvacrol can be extracted from oils with aqueous 
alkali and determined quantitatively (see the chapter “Examination 
of volatile oils” under Phenol determination): It should be re- 
membered, however, that carvacrol can be completely extracted 
from its alkaline solution by shaking with ether. 2 ) It can likewise 
be distilled from strongly alkaline solutions with steam, a property 
which, so far as phenols arc concerned, is shared only by thymol/*) 

Prolonged moderate heating with caustic potassa converts 
carvacrol into /'sohydroxycuminic acid, (Ch :1 ),,CHC lt li ; ,(OH)CO.,H 
(4-mctho cthyl-phenol-2-methyl acid-1), 1 ) which is readily volatile 
with water vapors and which melts at 93”. Chromic acid mix- 
ture oxidizes it to thymoquinonc, which crystallizes in yellow 
plates that melt at 45,57’) When reduced according to Sabatier 
and Sendercns a mixture of two isomeric alcohols, rr- and 
,^-carvacromenthol, is obtained. The latter yields /-tetrahydro- 
carvone upon oxidation.") 

For the identification of carvacrol, the phenylurethane, 7 ) 
m. p. 140 , and niivoso carvacrol arc well suited. The latter is 
best prepared according to the directions of Klages. s ) To a 
solution of carvacrol in four times its volume of alcoholic hydro- 

*) Arch, dcr Pharm. 288 (1895), 188. 

*) Jahns, Berl. Berichte 15 (1882), 817. 

,! ) Wages, ibidem 82 (1899), 1517. 

4 ) lacobsen, Berl. Berichte II (1878), 573, 1061. 

fl ) Reychler, Bull. Soc. chim. HI. 7 (1892), 34; Chem. Zentralbt. lMfi, 1. 380. 

*) Brunei, Compt. rend. 141 (1905), 1245; 145 (1907), 1427. 

; ) Goldschmidt, Berl. Berichte 2(1 (1893), 2086, footnote; comp, also 
Gildemeister, Arch, der Pharm. 288 (1895), 188. 

s ) Berl. Berichte 82 (1899), 1518. 
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chloric acid, saturated at (T, and kept cool with ice, a concen- 
trated solution of sodium nitrite is added drop by drop. Within 
a few minutes, the entire liquid congeals to a thick mass of nitroso 
compound. This is first washed with water and then recrystallized 
from dilute alcohol. It crystallizes in yellow needles that melt at 1 53 \ 
The benzoyl compound of nitroso carvacrol melts at 110 . 

Chavicol. 


COH 



CCH 2 CH:CH 2 

Chavicol (p-allylphcnol), C„H ]( ,6, occurs in some of the 
betel leaf oils, also in oil of bay, and possesses strongly anti- 
septic properties. 

It is a colorless liquid that boils at about 237 . According 
to Eykman 1 ) d tv . 1,033 and n u 1,5441. 

For its identification the crude phenols from betel leaf oil, 
separated by means of aqueous alkali, arc fractionated. Fraction 
235 to 240" is methylated and thus converted into mcthylchavicol 
which can easily be identified. The aqueous solution of chavicol 
is colored an intensive blue by ferric chloride, the alcoholic 
solution scarcely blue. 


Methylchavicol. . 

COCH :i 

' \ 

HC >CH 

HC ; CH 

CCH 2 CH:CH 2 

Mcthylchavicol (estragol, /soancthol, p-allylanisol), C^oO, 
was first found in anise bark oil, later also in staranise oil, 


') Berl. Berichte 28 (1890), 862. 
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For carvacrol from origanum oil Gildemeister found: 1 ) 

M.p. 4-0,5’; b. p. 235,5 to 236 , 1 (742 mm.); d 1B . 0,980; 
d, r 0,976; n IW 1,52338; 
and for carvacrol prepared from carvonc: 

M. p. f 0,5 r ; b. p. 236 to 236,5 (742 mm.); d 16 0,983; 
d 2 „ 0,979; n Ilsr 1,52295. 

In connection with products made on a large scale, Schimmel 
and Co. observed: 

d J(V about 0,98; 4 O'; n ltttt . 1,523 to 1,524; soluble in 3 vols. 

of 70 p. c. alcohol. 

Like thymol, carvacrol can be extracted from oils with aqueous 
alkali and determined quantitatively (see the chapter “Examination 
of volatile oils” under Phenol determination): It should be re- 
membered, however, that carvacrol can be completely extracted 
from its alkaline solution by shaking with ether. 2 ) It can likewise 
be distilled from strongly alkaline solutions with steam, a property 
which, so far as phenols arc concerned, is shared only by thymol/*) 

Prolonged moderate heating with caustic potassa converts 
carvacrol into /'sohydroxycuminic acid, (Ch :1 ),,CHC lt li ; ,(OH)CO.,H 
(4-mctho cthyl-phenol-2-methyl acid-1), 1 ) which is readily volatile 
with water vapors and which melts at 93”. Chromic acid mix- 
ture oxidizes it to thymoquinonc, which crystallizes in yellow 
plates that melt at 45,57’) When reduced according to Sabatier 
and Sendercns a mixture of two isomeric alcohols, rr- and 
,^-carvacromenthol, is obtained. The latter yields /-tetrahydro- 
carvone upon oxidation.") 

For the identification of carvacrol, the phenylurethane, 7 ) 
m. p. 140 , and niivoso carvacrol arc well suited. The latter is 
best prepared according to the directions of Klages. s ) To a 
solution of carvacrol in four times its volume of alcoholic hydro- 

*) Arch, dcr Pharm. 288 (1895), 188. 

*) Jahns, Berl. Berichte 15 (1882), 817. 

,! ) Wages, ibidem 82 (1899), 1517. 

4 ) lacobsen, Berl. Berichte II (1878), 573, 1061. 

fl ) Reychler, Bull. Soc. chim. HI. 7 (1892), 34; Chem. Zentralbt. lMfi, 1. 380. 

*) Brunei, Compt. rend. 141 (1905), 1245; 145 (1907), 1427. 

; ) Goldschmidt, Berl. Berichte 2(1 (1893), 2086, footnote; comp, also 
Gildemeister, Arch, der Pharm. 288 (1895), 188. 

s ) Berl. Berichte 82 (1899), 1518. 
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longistylis and in kobuschi oil has likewise been demonstrated. 
It is usually obtained from anise oil, staranise oil or fennel 
oil, ether by freezing the oils themselves or the correspon- 
ding fractions. Synthetically it has also been obtained in 
several ways. 

Anethol constitutes a white, crystalline mass with an odor 
of anise and with an intensely sweet taste. It melts to a colorless, 
optically inactive, strongly refractive liquid. The following pro- 
perties have been recorded: 

M. p. 21°; d*. 0,986; n W8 . 1,561 49; ’) d 1JiBO 0,999; n v 1,5624.*) 

In connection with anethol produced on a large scale, 
Schimmel Co. observed the following values: 

M. p. 22,5 to 23°; congealing point 21 to 22 n ; b. p. 233 to 234° 
(751 mm.); d 26 . 0,984 to 0,986; n Wft . 1,559 to 1,561; soluble in 
2 to 3 vols. of 90 p. c. alcohol. 

Of characteristic bromine derivatives of anethol, the anethol 
dibromide, C ( ,H 4 OCH a C 8 H B Br 2 , m. p. 67°, !t ) and the monobrom 
anethol dibromide, C„H 8 BrOCH a C 3 H B Br 2 , m. p. 107 to 108' ,*) may 
be mentioned. These are formed by the action of bromide on 
anethol under varying conditions. By the action of alcoholic 
potassa on anethol dibromide in the cold, anethol glycol, 
C„H,OCH 3 X 8 H fi (OH) 2 , fi ) results. When acted upon with 20 p. c. 
sulphuric acid, this is converted to anise ketone. The same 
glycol is likewise formed by the action of mercuric acetate upon 
anethol.”) Anethol nitrite, C i0 H 12 O-N 2 O 8 , m. p. 121°, and anethol 
nitrosochloride, C 10 H ia O NOC1, m. p. 127 to 128°, should also 
be mentioned. , 

Dilute nitric acid oxidizes anethol to anisic aldehyde, chromic 
acid oxidizes it to anisic aldehyde and anisic acid, potassium per- 
manganate to /nnethoxyphenylglyoxylic acid C rt H 4 (OCH 8 ) m CO 
■COOH 1 * * 4 ' 1 , m. p. 89°, the oxime of which melts at 145 to 146°. 

l ) Stohmann, Sitzungsber. d. Akad. d. Wiss. Leipzig 1892, 318. 

^ Eykman, Berl. Berichte 23 (1890), 862. 

*) Hell and v. Gunthert, Journ. f. prakt. Chem. II. 62 (1895), 198. 

4 ) Hell and GSrttner, Joum. f. prakt Chem. II. 61 (1895), 424; Hell and 
v. Gunthert, loc. cit. 194. 

B ) Varenne and Godefroy, Compt. rend. 140 (1905). 591. 

*) Balbiano and Paolini, Berl. Berichte 36 (1902), 2997. 
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When acted upon by light and air, 1 ) anethol gradually loses 
its capacity to crystallize and finally no longer even congeals. 
At the same time it becomes viscid, acquires a yellow color and 
an unpleasant, bitter taste, both of which no larger remind of 
anise. This change is accompanied by an increase in the solu- 
bility and an increase in specific gravity which may rise above 1. 
These phenomena are attributed to the formation of oxidation 4 ) 
(anisic aldehyde, anisic acid) and other products. Of the latter 
de Varda 3 ) has isolated a compound named photoanethol which 
he regards as a polymer of anethol. According to Hoering and 
and Gralcrt, 1 ) de Varda's interpretation is not correct, butphoto- 
ancthol is regarded as identical with di-/?-methoxystilbene. This 
substance is characterized by its insolubility and is possibly the 
cause of the turbidity produced in freshly prepared anethol upon 
standing. 

Recry stall ized from glacial acetic acid and benzene, di-/>-mc- 
thoxystilbenc is obtained in shiny leaflets that melt at 214 to 215°, 
which show a blue fluorescence both in the solid condition 
and in solution. Probably di-/>-methoxystilbenc is not formed 
directly from anethol but from the intermediate anisic aldehyde. 


p -Hydroquinone ethyl ether. 

COH 


HC CH 

\ HC \ CH 

\ . ' 

COC 2 H, 

/^-Hydroquinone ethyl ether (/?-hydroxyphenetol), C h H Jf ,0,, 
occurs in small amount in staranise oil. It can be obtained 
synthetically by boiling /?-diazophenetolsulphate with dilute sul- 

’) According to Grimaux anethol also looses its capacity to crystallize 
upon prolonged heating. Bull. Soc. chim. 111. 15 (1896), 778. 

2 ) Report of Schimmel § Co. October 19W, 11. 

■') Gazz. chim. ital. 21 (1891), 183; Chem. Zentralbl. 1891, I. 788. 

*) Berl. Berichte 42 (1909), 1204. 
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phuric acid, 1 ) or from hydroquinone by heating it with ethyl 
iodide and potassium hydroxide using a reflux condenser.-) 

The synthetic product consists of thin leaflets with satiny 
lustre, which are readily soluble in hot water, melt at 66° and 
boil at 246 to 247°. 


Thymohydroquinone. 

CH, { 

I ' 

C 

\;COH 
:i CH 

C 

! 

CH 
H,C CH., 

Thymohydroquinone, C I0 H, has been found in the oil 
of Callitris quadrivalvis, Algerian fennel oil (?) and in the oil of 
Monarda fistulosa. Artificially it is obtained by the reduction 
of thymoquinone with sulphurous acid. 8 ) 

Thymohydroquinone occurs in four-sided, shiny prisms. 
According to Carstanjen 8 ) they melt at 139,5 ', according to 
Ciamician and Silber 4 ) at 143". According to the latter authorities 
thymohydroquinone boils at 290 J . It is somewhat readily soluble 
in hot water, but difficultly in cold water. When oxidized it is 
changed to thymoquinone. 

The dimethyl ether of thymohydroquinone is the principal 
constituent of arnica root oil, also of ayapana oil. It boils at 
248 to 250°; d 220 0,998. ■’) 

*) Hantzsch, Journ.f. prakt. Chem. II. 23 (1880), 462. 

-’) Wichelhaus, Berl. Berichte 12 (1879), 1501, footnote; comp. Hesse, 
Liebig’s Annalen 200 (1880), 254. 

s ) Carstanjen, Journ. f. prakt. Chem. II. 8 (1871), 54. 

4 ) Atti della Reale Accademia dei Lincei Rendiconti (5) 10, I. (1901), 96. 

•"’) Reychler, Bull. Soc. chim. III. 7 (1892), 33. 


HC"' 

HOC 
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Allylpyrocatechin. 


COH 



ttc{ /ZW 

V 

CCH.,CH:CH., 

The presence of allylpyrocatechin, C 9 H h , 0.„ in Javanese 
betel leaf oil was demonstrated by Schimmel 8| Co. l ) Previously 
this phenol had not been known to exist in the vegetable kingdom, 
neither had it been prepared synthetically. It is one of the 
phenols extracted by means of dilute caustic soda solution from 
fraction 137 to 139° (4 mm.). Crystallized from benzene and 
petroleum ether, it is obtained in long colorless, filt-like needles 
which melt at 48 to 49° and boil at 139° (4 mm.). The odor is 
but faint, reminding somewhat of creosote. In water and alcohol 
it is readily soluble. The alcoholic solution is colored a deep 
green by ferric chloride. The alkaline solution of the phenol 
quickly assumes a dark red color. The dibcnzoyl compound, 
prepared according to Schotten-Baumann, melts at 71 to 72°. 
The diacctyl compound is a colorless oil which boils at 229" 
(157 ’ at 7 mm.). When methylated with dimethyl sulphate, the 
phenol is converted into methyleugcnol. 

BeteJphenol. 

COCH !5 



HCn, jc h 

\/ 

CCH S CH:CH S 

BetelphenoP) (allylguaiacol), C J() H 12 0.>, has thus far been found 
only in betel oil, from which it can be isolated in the usual manner 

') Report of Schimmel $ Co. October 190“, 16. 

-) The name beteiphenol, given to this compound by its discoverers, was 
later changed to chavibetol by others. 
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by shaking it out with caustic soda solution. It is a strongly 
refractive solution characterized by the following properties: 

B. p. 254 to 255", 131 to 133° (12 to 13 mm.); d„. 1,067.*) 

B. p. 107 to 109° (4 mm.); d J# . 1,0690; n II2(r 1,54134.’) 

In a freezing mixture it congeals to a crystalline mass which 
melts at -j- 8,5°. 

For its identification the benzoyl compound, m. p. 49 to 50 D 
is utilized. The acetyl compound melts at —5"; b. p. 275 to 277'. 

In alcoholic solution, bctclphenol gives an intensively blue- 
green color with ferric chloride. 


Eugenol. 


COH 


HC 



COCH., 


HC 


\ / CH 

V 

C • CH., • CH : CH., 


Eugenol, C ln H,.A, an isomer of position to betelphenol is 
found widely distributed, especially among the Myrtacex and 
I.aurace<v. In largest amount it is found in oil of cloves and 
oil of clove stems. It also occurs in the oils of calamus, galangal, 
Asarum arifolium, A. Blumei, Japanese staranise, kobuschi, 
ylang-ylang, cananga (from yellow blossoms), nutmeg, boldo 
leaves, cinnamon leaves, cinnamon root, the bark of Cinnamo- 
mum pedatinervium , C. pedunculatum, in the oil from Seychelles 
cinnamon bark, in the oils from the leaves and stem of Cin- 
namomum Loureirii, in the oils of camphor, culilawan, clove 
bark (?), sassafras, massoy bark, laurel leaves, apopin, Californian 
laurel, rose, Gcum urban urn, cassie buds, myrrh, cascarilla, 
canella alba, pimenta, bay, Bermuda bay berries, Japanese basi- 
licum, in the oil of a species of Basilicum from Mayotta, and 
in patchouli. 


’) Bertram and Gildemeister, Journ. f. prakt. Chem. II. 39 (1889), 350. 
*) Report of Schimme! $ Co. October 1907, 17. 

CilLnFMPIRTHJ Tup vniATIir mi ti * 11 
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In plants, eugenol is occasionally found in the form of a 
glucosidc from which it can be obtained by means of hydrolysis 
produced by ferment action. 

It is a liquid of a slightly yellowish color, with an intensive 
odor of cloves, and a burning taste, which, besides being optically 
inactive, is further characterized by the following properties: 

B. p. 252’ (749,5 mm.); 123° (12 to 13 mm.); 1 ) d lw . 1,072; 
n„ 1 ,5439. a ) 

In connection with eugenol prepared on a large scale, 
Schimmcl $ Co. observed: 

d liV , 1,0713 to 1,074; n„ SM , 1,541 to 1,542; soluble in 5 to 6 vols. 
of 50 p. c. alcohol, in 2 to 3 vols. of 60 p. c. and in 1 to 2 vols. 
of 70 p. c. alcohol. 

In alcoholic solution, eugenol produces a blue color with 
ferric chloride. Upon oxidation (the best results arc obtained 
with the acetic ester), it yields vanillin and vanillic acid, together 
with small amounts of homovanillic acid. 

It is readily characterized by means of the benzoate, m. p. 69 
to 70 , obtained with the aid of benzoyl chloride; also by the 
phenylurethane, m. p. 95,57) and its diphenylurcthane, m. p. 107 
to 1087) Of its bromides, the dibromide, C, 0 h 12 Br 2 O.,, m. p. 80°, 
and the tetrabromide, m. p. 118 to 1 19°, should be mentioned. 
For the quantitative determination of eugenol see the chapter 
on the “Estimation of volatile oils'’. 

Eugenol is used in perfumery as well as in pharmacy. By 
far the largest amounts, however, are used in the manufacture 
of vanillin. 


AceteugenoL 

In addition to eugenol, oil of cloves, but not oil of clove 
stems, contains some aceteugenol, CH a COOC 0 H 3 -C 8 H 6 -OCH 3 . 
This compound can be freed from eugenol by treating it with 


*) Erdmann, journ. f. prakt Chem. II. 5G (1897), 146. 
*) Eykman, Berl. Berichte 28 (1890), 262. 

3 ) Snape, Berl. Berichte IS (1885), 2432. 

*) Herzog, Berl. Berichte 40 (1907), 1834. 
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dilute alkali in the cold and can be prepared readily by boiling 
eugenol with acetic acid anhydride. The following constants 
have been found: 

Erdmann: 1 ) m.p.29°; b.p.281 to 282° (752 mm.); 145 to 146 n 
(8,5 mm.); d l50 1,0842 (supercooled). 

Schimmel 8j Co.:-) M. p. 29"; b. p. 142 to 143° (6 mm.); 
d J5 o 1,087; n l)2l , 1,52069. 

Acethomovanillic acid, acetvanillic acid and acetvanillin result 
upon oxidation with potassium permanganate. 

Methyleugenol. 

COCH;, 

r \ 

HC f .COCH, 

; ii 

hc, ;'ch 

\\ / 

\/ 

CCH,-CH:CH, 

Eugenol is frequently accompanied by its methyl ether, the 
methyleugenol (allylvcratrol), C n H u O,. It occurs in citronclla 
oil, Japanese calamus oil, matico oil (?), betel oil, Canada snake- 
root oil, in the oils of Asarum europimim (?), champaca flowers (?), 
paracoto bark, in the oil from the bark of Cinnamomum peda- 
tinervium, in culilawan oil, laurel oil, in California laurel oil, in 
the oil of cassie buds, and in the oils of Evodia simplex, bay, 
and pimenta. 

Its odor reminds of that of eugenol, bift is fainter. It boils 
at 248 to 249° (128 to 129° at 11 mm.);*) d u , 1,041; and 
n 1) l,5373. 4 ) 

In the laboratory of Schimmel $ Co., the following constants 
were observed in connection with technical products: 

d ir , 0 1 ,04 to 1,043; n 20 J,534 to 1,540; soluble in 4 vols. of 
60 p. c. and in 1 to 2 vols. of 70 p. c. alcohol. 

’) journ. f. prakt. Chem. 11. 50 (1897), 147. 

2 ) Report of Schimmel $ Co. Oct. 1903, 30, footnote. 

a ) Bertram and Gildemeister, journ. f. prakt. Chem. II. 39 (1889), 354. 

J ) Eykman, Berl. Berichte 23 (1890), 862. 


31* 
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When boiled with alcoholic potassa, methyl/'soeugenol results. 
Bromine is added with the formation of the handsome crystalline 
tribrommcthylcugenol, CdHoBr^OCH^ CgHnBr.,, which melts 
at 787) Upon oxidation with potassium permanganate it is 
converted into dimethoxybenzoic acid (veratric acid) which melts 
at 179 to 180°.*) This same acid is likewise obtained upon 
the oxidation of methyl/soeugcnol. Both compounds, as also 
the methyleugcnol nitrite, 3 ) m. p. 125 , can be utilized for the 
identification of methyleugenol. 

hoeugenol. 

COH 

/\ 

HC 7 COCH., 

HC X< ' : CH 

CCH:CHCH., 

When eugenol in heated with an excess of solid potassa, 4 ) 
or in amyl alcoholic solution, 5 ) or when eugenol potassium is 
heated to about 200 ") with exclusion of air, it is converted into 
the isomeric /soeugcnol. This is also found in ylang-ylang oil 
and in oil of nutmeg. The following constants have been recorded: 

B. p. 261° (not corr.); 7 ) d jy , 1,09; n J( l,5680; s ) 

B. p. Ill to 112' (3,5 mm.); d,,,. 1,087 to 1,091; n lw(r 1,570 
to 1,576; soluble in 5 to 6 vols. of 50 p. c. alcohol. 4 *) 

In a freezing mixture eugenol congeals to a mass of radiating 
needles which liquify at room temperature. 10 ) 

J ) Wassermann, Jahresber. d. Chem. 1879, 520; Bertram and Gildemeister, 
)oum. f. prakt. Chem. li. 39 (1889), 354. 

,J ) Comp. alsoWallach and Rheindorff, Liebig's Annalen 271 (1892), 306. 

s ) Wallach, Liebig’s Annalen 271 (1892), 307. 

*) Einhorn and Frey, Ber!. Berichte 27 (1894), 2455. 

ft ) Tiemann, Berl. Berichte 24 (1891), 2870. 

«) D. R. P. 179948. 

7 ) Tiemann, Berl. Berichte 24 (1891), 2872. 

>) Eykman, Berl. Berichte 23 (1890), 862. 

®) Observations made in the Laboratory of Schimmel & Co. 

,0 ) Tiemann, Berl. Berichte 24 (1891), 2872. 
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Upon oxidation it yields vanillin, in the. manufacture of which 
it is largely used. 

For its identification the following compounds may be 
employed: monobrom/soeugcnol dibromide, m. p. 138 to 139°; 
the acetyl derivative, m. p. 79 to 80 ; the benzoyl derivative, 
m. p. 103 to 104 and the diphenylurethane, m. p. 112 to 113°. 
In alcoholic solution isoe ugcnol produces an olive-green color 
with ferric chloride, whereas cugenol produces a blue color. 


Methylmeugenol. 

COCH., 



CCH:CHCH., 


Thus far methyl/'soeugcnol has been found only in the oil 
from Asarum arifolium. Artificially it is obtained by the methy- 
lation of /soeugenol and by the inversion of mcthyleugenol. The 
following properties have been recorded: 

B. p. 263 V) d lli6 o 1,064; n„ 1,5720.'-’) 

It yields a characteristic dibromide, m. p. 101 to 102°, and 
can be oxidized to veratric acid. 


Safrol. 


CO 

CH, 

hcA, 

*/ 

CO 

HC \/ 

CH 

CCH 2 CH:CH 2 


Safrol, C 10 H J( ,O 2 , is the principal constituent of oil of sassafras. 
It is also contained in appreciable amount in camphor oil from 

*) Ciamician and Silber, Berl. Berichte 23 (1890), 1165. 

J ) Eykman, Berl. Berichte 23 (1890), 862. 
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which it is obtained technologically. In addition it has been found 
in the oils of Asarum arifolium, A. BJumci, American wormseed 
oil, Japanese staranise oil, in the common staranisc oil (traces), 
in the oils of apopin, ylang-ylang (?), nutmeg, cinnamon leaves, 
cinnamon root, in the oil from the bark of Cinnamomum Mer- 
cadoi, in pichurimbean oil (?), in California laurel oil, and in massoy 
bark oil. Safrol is the methylene ether of m-allylpyrocatechin. 

It is a colorless or slightly yellowish, optically inactive liquid, 
which upon cooling congeals to a crystalline mass, and possesses 
the following additional properties: 

Congealing point about f- IT; b. p. 9f (4 mm.), 233 : (759 mm.); 
d 1>v 1,105 to 1,107; n„, r 1,536 to 1,540.') 

Eykman-) found: M. p. 4-3 '; b. p. 229 to 231" (uncorr.); 
d ltV 1,0960; d ls 1,110; n„ 1,5420. 

Subjected to careful oxidation with potassium permanganate, 
it yields first of all a glycol (m. p. 82 to 83*), which upon further 
oxidation yields r<-homopipcronylic acid. C rt H. { -(OOCH.,)CHXOOH 
(m. p. 127 to 128"). When oxidized with chromic acid mix- 
ture, piperonal (hcliotropin), m. p. 37°, and piperonylic acid, 
C (t H,,-(OOCH,)-COOH (m. p. 228 ) result. 

When reduced in alcoholic solution with sodium, or with nickel 
in a current of hydrogen, safrol as well as /sosafrol yield the dihydro- 
derivative C 1D H Jt O # (b. p. 228 ) and w-propylphenol (b. p. 228"). ;J ) 

Iso safrol. 

CO CH., 

i 

HC; CO 

HC\ CH 


CCH : CHCH ;I 

When boiled with alcoholic potassa, safrol is changed to /sosafrol. 

') Observations made in the laboratory of Schimmel $ Co. 

4 ) Recueil des trav. chim. des P.-B. 4 (1885), 32; Berl. Berichte 23 
(1890), 862. 

:i ) Henrard, Chem. Weekblad 4 (1907), 630; Chem. Zentralbl. 1W7, II. 1512. 
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For this compound, which possibly occurs in ylang-ylang oil, 
the following constants have been determined: 

d lt . 1,124 to 1,129; n IW# . 1,580. l ) 

B. p. 253 to 254°; d n ’. 1,126.*) 

With an excess of bromine, /sosafrol yields a pentabromide, 
m. p. 196,5 to 197°. :1 ) Oxidized with chromic acid, it yields 
piperonal (heliotropin). 

In commercial /sosafrol, Hoering and Baum ') have demon- 
strated the presence of two geometric isomers, which they 
designated a- and ^-/sosafrol and of which the latter predominates 
by far. They are distinguishable only by their odor and their 
physical constants. Those of «-/sosafrol lie between those of 
safrol and ^-/sosafrol. Chemically no difference could be ob- 
served between the two /socompounds. 

Asarone. 

COCH., 

/ 

HC 7 COCK, 

; '! 

H,,COC : 1 CH 

CCH:CHCH„ 

Asarone (4-propenyl-1,2,5-trimethoxybenzene), C J2 H l0 O 3 , is 
a constituent of Asarum oil. It has been found in the oils of 
calamus, matico and Asarum arifo/ium. If present in larger 
amounts, it separates upon prolonged standing. Asarone has 
likewise been obtained synthetically. 

In the pure state asarone is devoid of odor and taste and 
is further characterized by the following properties: 

M.p. 61°;*) d ir 1,091; n J( 1,5719.“) 

1 ) Observation made in the laboratory of Schimmel & Co. 

2 ) Eykman, Berl, Berichte 23 (1890), 859. 

!1 ) Hoering, Berl. Berichte 38 (1905), 3466 ; 40 (1907), 1101. 

*) Berl. Berichte 42 (1909), 3076. 

n ) Gattermann and Eggers, Berl. Berichte 32 (1899), 290. 

“) Eykman, ibidem 23 (1890), 862. 
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Upon bromination it yields the well crystallizable dibromide, 
C J2 H J4 , Br a O a# m. p. 86°. When treated with sodium methylate 
in the cold, this in turn yields the crystalline C G H tt (OCH 8 ) 8 
• CH • (OCH.,) • CH Br CH 3 , which melts at 77, 5". 

Oxidized with chromic acid, asaronc yields asaryl aldehyde 
C, 4 , H J2 0 )t m. p. 114". Together with asaronic acid [trimethoxy- 
bcnzoic acid, C ( ,H tJ (OCH.,) i$ COOH l m. p. 144"], this is also formed 
when asarone is oxidized with permanganate. 


Elemicin. 

COCH, 

/ '■ 

H,COC' COCH., 

HC /CH 

CCH.,CH : CH 2 

Elemicin (4-allyl-1,2,6-trimethoxy benzene), C ia H lfl O a , con- 
stitutes the principal constituent of Manila elemi oil, in which it 
was discovered by Semmler 1 ) who also gave it its name. It is 
found in fraction 277 to 280° of elemi oil. 2 ) In order to isolate 
elemicin, the fraction in question is boiled for half an hour with 
formic acid. As Semmler has demonstrated by experiments made 
on ancthol and safrol, allyl compounds remain unchanged, whereas 
propenyl compounds are destroyed. Elemicin purified in this 
manner possessed t^c following properties: 

B. p. 144 to 147' ; d, 0 , 1,063; n„ 1,52848. 

When oxidized in acetone solution with potassium perman- 
ganate trimethylgallic acid, C J0 H J;! O 6 , m. p. 169°; b. p. 225 
to 227", results. 

When heated with sodium or with alcoholic potassa, iso- 
elemicin, an isomer of position to asarone, results, /soelemicin 

■) Berl. Berichte 41 (1908), 1768, 1918, 2183, 2556. 

*) Report of Schimmel & Co. October 1890, 29; April 1907, 41 ; Octo- 
ber 1908, 51. 
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is 4-propenyl-l , 2,6-trimethoxy benzene and is characterized by the 
following constants: 

B.p. 153 to 156" (10 mm.); d ar 1,073; n„ 1,54679. 

/soelemicin is characterized chemically by its dibromidc, 
m. p. 88 to 89°. Like clemicin, it yields trimcthylgallic acid 
upon oxidation with permanganate. 

Myristicin. 

CO ,CH, 

-/\ i 

H.COC/ Vo 

! 

HC' IcH 

CCH,CH:CH a 

Thus far myristicin (4-allyl-6-methoxy-1,2-methylenedihydroxy 
benzene), 1 ) Cj, H l2 0 3 , has been found only in the oils of nutmeg 
and mace, also in french parsley oil. It is characterized by the 
following constants: 

B. p. 171 to 173° (40 mm.); d? 1,1437; n IM}0 J, 54032; 
W 1,52927;’) 

B.p. 149,5° (15mm.); d 1(> J,1425.«) 

Even in a freezing mixture myristicin does not congeal. 
With bromine it yields dibrommyristicindibromide, 

C. Br., (C., H fi Br 2 ) (OCH 3 ) (O a CH,), nj. p. 130°, 

upon oxidation myristicinic aldehyde and myristicinic acid 
(see below). 

When boiled with alcoholic potassa, or when treated with 
sodium, the allyl group is rearranged to the propenyl group 


*) This is not to be confounded with the “myristicin” of john and 
Mulder, a stearoptene that occasionally crystallizes out of old oils and 
which consists of myristinic acid as shown by Fluckiger [Pharmaceutical 
|oum. Ill 5 (1874), 136]. 

■’) Power and Salway, Joum. chem. Soc. 01 (1907), 2054. 

8 ) Thoms, Berl. Berichte 3(1 (1903), 3447. 
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and the myristicin thereby changed to solid /somyristicin for 
which Power and Salway 1 ) record the following constants: 

M. p. 44°; b.p. 166° (18 mm.); n m5>5 J, 56551. ■) 

Characteristic derivatives are the dibromidc, m. p. 109°, and 
the dibrom/somyristicin dibromide, m. p. 1 56 \ Like myristicin, 
/'somyristicin yields myristicinic aldehyde, m. p. 130" and myris- 
ticinic acid, m. p. 210' , upon oxidation with permanganate. 

With nitrous acid both phenol ethers yield addition products 
from which a series of derivatives can be obtained. 

The isomeric apioJs C rt H C.jH s (0.,CH,) (OCH s ) > , are deri- 
vatives of an unsaturated, tctratomic phenol. With reference 
to their occurrence they are designated apiol, dillapiol, also 
allyltetramcthoxy benzene. 


Apiol. 

CO - CH, 


H^COC' ; CO 
HC X COCH :{ 

CCH,.CH:CH a 

Apiol (4-allyl-3,6-dimethoxy-l,2-mcthylcnedihydroxy benzene), 
C„H n O„ is a constituent of parsley seed oil and of Venezuelan 
camphorwood oil and matico oil from which it congeals upon 
cooling. Apiol h?ts been examined more particularly by 
v. Gerichten, 2 ) Ginsberg, 3 ) Ciamician and Silber, 4 ) and Thoms.*) 
The complicated constitution of this substance was almost 
completely revealed by Ciamician and Silber, but the final 
questions involved in establishing the above structural formula 
were settled by Thoms. 

*) Power and Salway, Journ. chem. Soc. 91 (1907), 2055. 

*) Berl. Berichte 9 (1876), 258, U77. 

8 ) Ibidem 21 (1888), 1192, 2514; 2* (1890), 323. 

4 ) Ibidem 21 (1888), 913, 1621; 22 (1889), 2481; 28 (1890), 2283. 

*) Ibidem 3fi (1903), 1714. 
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Apiol crystallizes in long colorless needles which possess 
a faint parsley odor and is characterized by the following 
constants: 

M. p. 30°; b. p. 294° (ord. pressure), 179° (33 to 34 mm.); 1 ) 
d n » 1,176; n 21 1,5380.-) 

B. p. 296 to 299 1 (755 mm., mercury entirely in the vapor); 
d liV . 1,1788 (supercooled). 8 ) 

Apiol is almost insoluble in water, soluble in alcohol, ether 
and the fatty oils. With bromine it combines to form tribromapiol, 

C„ Br (0, CH,) (0 CHJ* C., H 5 Br.,, m. p. 88 to 89°. 

Oxidation converts it into apiol aldehyde and apiolic acid (see 
below). 

/soapiol, which results from the action of alcoholic potassa 
on apiol, crystallizes in monoclinic crystals which melt at 55 
to 56". Three bromine derivatives are known, a monobromidc, 
m. p. 51, a dibromide, m. p. 75°, and a tribromide, m. p. 120". 

Like apiol, /'soapiol yields, upon oxidation with potassium 
permanganate, apiol aldehyde, C J0 H lu O w m. p. 102 ’, and apiolic 
acid, C U) H n> 0,„ m. p. 175°. Both phenol ethers also react with 
nitrous acid. 


DillapioL 


CO | CM, 
H.COC^' v ' CO 



C-CHj-CH :CH S 


Dillapiol occurs in matico oil, in East Indian, Japanese, and 
Spanish dill oils, also in the oil of Crithmum maritimum. It is a 
viscid, oily liquid, which boils at 285° under ordinary pressure 


*) Ciamician and Silber, Berl. Berichte 21 (1888), 1622. 

-) Eykman, ibidem 23 (1890), 862. 

3 ) Observations made in the laboratory of Schimmel § Co. 
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and at 162° under a pressure of 11 mm. 1 ) Its constitution finds 
expression in the formula given above, the correctness of which 
has been established by Thoms. 2 ) 

When acted upon with an excess of bromine, dillapiol yields 
a substance C l3 H l3 Br s O,, which crystallizes in colorless prisms, 
melts at 110", and which is the dibromide of monobromapiol.’ 1 ) 

Dill/soapiol, which is obtained by inversion, is solid, and 
can be obtained in monoclinic crystals that melt at 44°. Its 
boiling point is 296 '. The melting point of the tribromide is 1 15". 
When oxidized with alkaline permanganate solution, it yields dill- 
apiol aldehyde, C J(l H 10 O fi , m. p. 75 ’, and dillapiolic acid, C lu H )(l O ( ., 
m. p. 151 to 152°. Whether dill/soapiol occurs in nature or not 
has not yet been ascertained. 

Allyltetramethoxybenzene. 

COCH, 

H ;t COC y COCH, 



COtCH:CH, 

From a French oil of parsley Thoms 4 ) isolated a substance 
C,„H ls Oj, which he recognized as a phenol ether characterized by 
the above formula, and for which he records the following constants: 

M. p. 25 '; d*. 1,087; n liar 1,51462. 

When oxidized with potassium permanganate, a good yield 
of tetramethoxy benzoic acid, C„H(OCH n ) ( COOH results, which 
crystallizes in long needles and melts at 877’) 

In conclusion, several compounds may here be mentioned 
that are ketones as well as phenols. They are diosphenol and 
phloracctophenone dimethyl ether. 

’) Ciamician and Silber, Berl. Berichte 29 (189b), 1800. 

*) Arch, der Pharm. 242 (1904), 344. 

a ) Ciamician and Silber, loc. cit. 

4 ) Berl. Berichte 41 (1908), 2761. 

R ) Bignami and Testoni, Gazz. chim. ital. 90 (1900), I. 240; Report of 
Schimmel § Co. October 1900, 48. 
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Diosphenol. 


CHy 

I 

C 



CH • CH (CHj,)., 


Diosphenol (buchu camphor), C 1(l H JW 0 2f is a constituent of 
the oil of buchu leaves, in which it was first found by Fluckiger. 1 ) 
Since then it has been subjected to investigation repeatedly. Its 
chemical constitution was revealed by Semmler and Me Kenzie, 2 ) 
who regard it as a cyclic reduced ketophcnol of the above formula. 

The diosphenol content of buchu oils varies with their botanical 
source. From some oils it separates as a crystalline mass upon 
standing at ordinary temperature, whereas other oils contain but 
little of this phenol. It is obtained from the oils either by freezing out, 
or by shaking out with dilute caustic alkali. If the latter method 
be followed, it should be remembered that a part of the diosphenol 
is removed when the alkaline solution is shaken out with ether. 

Synthetically diosphenol is obtained by the oxidation of oxy- 
mcthylene-menthone, C n H lN 0,. A diketone C jo H 1h O, results 
which is inverted to diosphenol by means of acids or alkalies.-*) 

Diosphenol has a peculiar minty odor, is optically inactive, 
and crystallizes in monoclinic crystals that melt at 83 n . It boils 
at 109 to 110° under 10 mm. pressure apd with partial de- 
composition at 232" under atmospheric pressure. With ferric 
chloride it produces a dark green color. 

With acetic acid anhydride and benzoylchloride, diosphenol 
yields the respective esters, with carbanil a phenylurethanc melting at 
41 °. On account of the neighboring hydroxy group, the ketone group 
possess but little capacity for reaction. However, an oxime is known, 
which melts at 156° according to Kondakow and Bjalobrzeski, 4 ) 

l ) Pharmaceutical lourn. III. 11 (1880), 174, 219. 

3 ) Berl. Berichte 89 (1906), 1158. 

8 ) Semmler and Me Kenzie, ibidem 1169. 

*) Joum. f. prakt. Chem. II. 54 (1896), 437. 
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but Semmler and Me Kenzie (loc. cit.) record the melting point 
as 125°. When reduced in alkaline solution with sodium amalgam 
a diol alcohol, C 1( ,H 1 h 0 2 , 1 ) results which melts at 159". Reduction 
with sodium and alcohol yields /-menthol and a glycol C 10 H., n O 2 . 
Upon oxidation with potassium permanganate, the latter yields 
(r-/sopropylV-mcthyladipinic acid, which melts at 104 V) 

Characteristic for diosphcnol is its ready oxidation which 
property explains its capacity to reduce Fehling's solution, also 
ammoniacal silver solution. 

Upon oxidation with ozone Semmler and Me Kenzie (loc. cit.) 
obtained «-/sopropyl-;'-acetyl-/7-butyric acid, m. p. 41", whereas with 
potassium permanganate they obtained a ketoacid, C, 0 H 14 O s which 
melts at 104 to 105° and yields an oxime melting at 182". As an 
intermediate product an acid C^H^O, is formed from which the 
keto acid results by splitting off a molecule of water. 

When diosphcnol is heated with concentrated hydrochloric 
acid in a sealed tube to 150 to 180°, thymol, together with little 
carvacrol, results quantitatively. 

When heated with alcoholic potassa in a sealed tube to 150 
to 160 ’, it yields an alcohol acid C l0 H lh O ;|l which can readily 
be recrystallized from water in needles that melt at 94°. 

Diosphenol is readily recognized by its properties. For its 
identification its behavior toward Fehling’s solution and ammonia- 
cal silver solution can be utilized. Of its derivatives the phenyl- 
urethane and the alcohol acid mentioned may also be used. 

Phloracetophenone dimethyl ether. 

' c x H 

H., COC < >,COH 

HC /C-CO-CH, 

/ 

coch 3 

Brief mention may be accorded to the phloracetophenone di- 
methyl ether, which was recently found by Jonas :t ) in the oil of 

‘) Shimoyama, Arch, der Pharm. 220 (1888), 413. 

Kondakow and Bachtschiew, Journ. f. prakt. Chem. II. 63 (1901), 61; 
Semmler and Me Kenzie, Berl. Berichte 39 (1906), 1162. 

a ) Report of Schimmel $ Co. April 1909, 150. 
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Blumea balsamifera. This compound can be shaken out of the 
oil with the aid of caustic soda solution. From this alkaline 
solution, acids precipitate it as a solid, yellowish substance which 
after repeated recrystallization from benzene or light petroleum 
ether is obtained colorless and melts at 82 to 83°. 

Phloracetophcnone dimethyl ether had previously been ob- 
tained synthetically by Friedlandcr and Schnell 1 ) and was later 
made the. subject of careful study by v. Kostanecki and Tambor. 2 ) 

Of its derivatives the oxime melts at 108 to 110°, the acetyl 
compound at 106 to 107 n , the methyl ether at 103°, and a yellow 
crystalline monobromide at 1 87 . 

Condensed with benzaldehyde it yields 2-hydroxy-4, 6-di- 
methoxychalcone (m. p. 91 to 92 ). 


<>-/Y aphthol ether. 

CH CH 


HC: 

'C' 

>i 

COCH. 

HC' 

ll 

c 

*CH 


CH CH 


and 

CH CH 

HC- ' C /7 COC.H 

i II ! 

: I! 1 

HCv /C\ ,'CH 

V' V 7 

CH CH 

The methyl and ethyl ethers of ,V-naphthol are both used 
extensively for perfuming cheaper grades of soap. In commerce 
these ethers are known as nerolin. The methyl ether is sometimes 
differentiated as nerolin “old” or “jara-jara”, the ethyl ether 
as nerolin “new” or “bromelia”. Neither of these ethers have 

‘) Bert. Berichte 30 (1897), 2152. 

■) Ibidem 32 (1899), 2262. 
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been found in nature thus for. They arc prepared artificially 
by digesting for several hours ^-naphtholpotassium with the 
molecular amounts of the respective alkyl halides in methyl or 
ethyl alcoholic solution. 1 ) According to another method, 2 ) one part 
of .tf-naphthol, three parts of methyl or ethyl alcohol and one part 
of hydrochloric acid arc heated in an autoclave to 150°. Simpler, 
however, is the method of Hcnriques, originally used for the 
preparation of <r-naphthol ethers, but which, according to Ciattcr- 
mann, 3 ) is likewise well suited to the preparation of ^-naphthol 
ethers. It consists in heating ^-naphthol with the respective 
alcohol and sulphuric acid to 125 to 140° using a reflux con- 
denser. The methyl ether results better when a slight pressure 
is employed. 

Both ethers consist of colorless crystalline laminae, which 
are rather difficultly soluble in methyl and ethyl alcohol, but 
readily soluble in other organic solvents. The odor of both 
ethers is strong and persistent, however, that of the ethyl 
ether is more delicate than that of the methyl ether. In great 
dilution their odor resembles that of orange blossom oil, for 
which they arc a cheap, though not perfect, substitute. The 
odor of the ethyl ether is also compared with that of pine 
apple, though the comparison docs not seem fully justified. 
It is possibly due to this analogy that the name Bromelia may 
be traced. 

The following constants for ^-naphthol methyl ether are 
recorded in chemical literature: 

M. p. 72 V) m. p. 70°, b. p. 274°;*) 
and for ,i-naphthol ethyl ether: 

M. p. 37 °; fl ) b. p. 274 to 275 V) 282° (corn); d 4(r 1,0547, 
d, 0 . 1,501.’) 

J ) Schaeffer, Liebig’s Annalen 15*2 (1869), 286. 

*) Liebermann and Hagen, Berl. Berichte 15 (1882), 1428. 

fl ) Liebig’s Annalen 244 (1888), 72. 

4 ) StSdel, Liebig’s Annalen 217 (1883), 43. 

ft ) Marchetti, Gazz. chim. ital. 9 (1879), 544; Jahresber. d. Chem. 1N79, 543. 

H ) Orndorff and Kortright, Americ. chem. Journ. U (1891), 162. 

7 ) Liebermann and Hagen, Berl. Berichte 15 (1882), 1428. 

8 ) Perkin, journ. chem. Soc. 09 (1896), 1190. 
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ACIDS. 

The aqueous distillate obtained as a byproduct in the pre- 
paration of volatile oils occasionally contains free fatty acids 
such as acetic, propionic, butyric or valeric acids. Like the 
methyl and ethyl alcohol obtained in like manner, these acids 
are in all probability decomposition products of esters contained 
in the parts of plants subjected to distillation. In as much as 
the lower fatty acids remain dissolved in the aqueous distillates 
they are readily overlooked. In certain cases the amounts are 
not inappreciable. Thus e. g. in a distillation of 40 kg. of seeds 
of fieracleum giganteum 120 g. of oil were obtained and 30 g. 
of acetic acid were separated from the aqueous distillate. 1 ) 

Although as a rule the percentage of acid in an oil is rela- 
tively low, there are a few oils consisting principally of acids. 
By way of example, orris oil contains 85 p. c. of myristic acid, 
the oil from Polygonum Persicaria consists largely of a mix- 
ture of volatile fatty acids, 2 ) in Mexican valerian oil 89 p. c. of 
valeric acid have been found, 55 ) and the oil of Morinda citrifolia 
contains as much as 90 p. c. of acid. 4 ). 

In the compilation of acids which follows, no differentiation 
is made between free acids and combined acids. This failure 
is due to two reasons. First, accurate statements are mostly 
wanting on this point. And, secondly, it may well be assumed 
that in most instances the presence of free acid is due to de- 
composition during the process of distillation. Upon saponifi- 
cation of the oils, the acids are obtained in the form of their salts. 

Formic acid , H COOH, has been found in turpentine 
oil (?), in thuja oil, the oils of Ceylon cardamoms, ylang-ylang, 
nutmeg, California laurel, in the oil from the fruits of Pittosporum 
undulatum, in the oils of myrrh and carrot, in the oil from the 

*) Zincke, Liebig’s Annalen 152 (1869), 21. 

*) Horst, Chem.Ztg. 25 (1901), 1055. 

8 ) Report of Schimme! § Co. April 1897, 44. 

*) van Romburgh, Koninklijke Akademie van Wetenschappen te Amster- 
dam 1909, 17; Report of Schimmel $ Co. October 1909, 78. 
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wood of Goupia tomentosa , in the oils of American pennyroyal, 
valerian, Achillea nobilis, and in the aqueous distillates of Pinus 
Sabiniana, Eucalyptus Globulus , JEthusa Cynapium, Micro - 
meria Chamissonis , Lippia scaberrima and Arnica montana. 

Formic acid is characterized by its great capacity for re- 
duction. For purposes of identification, its solution, neutralized 
with alkali, is heated with mercuric chloride, where upon a precipi- 
tate of mercurous chloride and mercury results. The silver salt re- 
sults upon the addition of silver nitrate to a solution of the 
formate. Upon heating it is decomposed and thus distinguished 
from acetic acid. 

Acetic acid , CH a -COOH, is the most common of the 
acids found in volatile oils. An enumeration of its occurrences 
would include almost all of the volatile oils. Its esters are mostly 
characterized by an especially agreable odor. Hence they find 
manifold application in perfumery. This is especially true of 
linalyl and geranyl acetates. A few oils consist largely of 
acetic esters, e. g. the oils of lavender, bergamot, petitgrain, 
Siberian pine needle oil, fyc. 

For the purpose of identifying acetic acid, silver nitrate is 
added to the neutralized aqueous solution. The silver salt thus 
obtained is analysed. As a rule this method is generally appli- 
cable for the identification of most fatty acids. 

Of the remaining fatty acids, the following have been found 
in volatile oils: 

Propionic acid , C.,H r) -COOH, in the oils of chamomile, 
male fern (?), pastinaca and lavender. 

wButyric acid, C a H ; *COOH, in the oils of male fern, 
Polygonum Persicaria, nutmeg, Eucalyptus Globulus, niaouli, 
JEthusa Cynapium, Heracleum Sphondylium, H. giganteum, 
lavender, valerian, American pennyroyal, and in the aqueous 
distillate of IJppia scaberrima and Micromeria Chamissonis. 

ho butyric acid has been found in laurel leaf oil, in the 
oil of Ceylon cinnamon (?), carrot oil (?), Cretan origanum oil (?), 
arnica root oil and Roman chamomile oil. 
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Iso valeric acid (/'sopropyl acetic acid), C 4 H u COOH, has 
been found, in the oils of male fern (?), cypress, citronclla, laurel 
leaves, in the oil from the fruits of Pittosporum undulatum, in 
the oils of geranium (?), niaouli, Eucalyptus goniocalyx, E, palu- 
dosa, E, saligna, and senega root, in the oil from the wood of 
Goupia tomentosa, and in the oils of lavender (?), American 
peppermint, valerian, Mexican valerian, kesso root and wormwood. 

Methyl ethyl acetic acid in the oils of champaca, an- 
gelica root and coffee. 

Caproic acid \ C fi H jr COOH, in the oils of male fern (?), 
/uniperus phcenicea, lemongrass, palmarosa, laurel leaves (?), 
Hcrac/eum Sphondylium , pastinaca, in the oil from the wood 
of Goupia tomentosa, and in the oils of lavender and of the 
fruits of Morinda citrifolia. 

Iso heptoic acid, C„H i: , COOH, in American pennyroyal oil. 

Caprylic acid \ C-H w -COOH, in the oils of wormseed (?), 
nutmeg, camphor, sweet orange, American pennyroyal, in the 
oil from the fruits of Morinda citrifolia and the oil of Artemisia 
Herba-alba. 

Caprinic acid \ C # H 1W ■ COOH, crystallizes in needles melting 
at 31° and has been found in lemongrass oil, kobuschi oil, hera- 
cleum oil, American pennyroyal oil, chamomile oil, and in the 
oil of Artemisia Herba-alba . 

Laurie acid , C lt H 4g *COOH, crystallizes as needles which 
melt at 43,6°. It occurs in the oils from the laurel berry, the 
pichurim bean, Psoralea bituminosa (?), the wood of Goupia 
tomentosa and Heracleum. 

Myristic acid, C l; ,H„ 7 -COOH, crystallizes in lamina that 
melt at 53,8°. It occurs in the oils of nutmeg, Blumea bal- 
samifera and orris root. 

Palmitic acid, C u H gl -COOH, crystallizes as scales that 
melt at 62°. It occurs in the oils of Canada snakeroot, Japanese 
star anise, myrrh, cascarilla, ambrette seeds (?), the fruit of 

32 * 
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Pittosporum undulatum, pimenta, the seeds of Monodora grandi- 
flora, celery seed, parsley seed, carrot, Micromeria Chamissonis, 
the stems and leaves of Tagetes patula, carline thistle, arnica 
flowers, wormwood, and Blumea balsamifera (?). 

Stearic acid, C 17 H^ • COOH, crystallizes in laminae that 
melt at 69,2° and occurs in cascarilla oil. 

Unsaturated acids have been found in only a few instances. 

Methacrylic acid, Cht,:C(CH ;i )COOH, crystallizes in long 
prisms and melts at 15 to 16°, b. p. 160, 5°. It probably occurs 
in Roman chamomile oil. 

Angelic acid, CH 8 -CH:C(CH.,)COOH, melts at 45 to 45,5° 
and boils at 185°. It has been found in the aqueous distillate 
of the oils of angelica root and Roman chamomile. 

Tiglic acid, CH 8 -CH:C(CH.,)COOH, melts at 64,5°, boils 
at 198,5° and occurs in geranium oil. 

Oleic acid , C h H J7 CH:CH(CH s ) 7 COOH, crystallizes in 
needles that melt at 14° and boil at 223° (10 mm.). It occurs 
in orris oil and kobuschi oil. 

Of hydroxy acids the following have been identified: 

Hydroxymyristic acid, C n H ah O (1 , crystallizes in pearly 
laminaj that melt at 51°. It occurs in sabadilla seed oil and in 
angelica seed oil. 

Hydroxypentadecylic acid, C JR H 8() 0 8> crystallizes in 
needles that melt at 84°. It occurs in angelica root oil and 
possibly in Japanese angelica oil. 

A dibasic acid has been observed but once as a natural 
constituent of a volatile oil, viz. 

Sl/ccinic acid, COOH • CH a • CH 2 • COOH, in the oil from 
the wood of Goupia tomentosa. 

Of aliphatic acids there remain to be mentioned 

Citroneiiic acid, C,H„ COOH, which boils at 257° or 
143,5° (5 mm.). It occurs in the oil of Barosma pulchellum. 
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Teresantalic acid, a reduced cyclic acid, C l0 H 14 O„ which 
melts at 157°, [«] D — 70°24' (in 25 p. c. solution) occurs in 
sandal wood. 

Of aromatic acids the following should be mentioned: 

Benzoic acid \ C„H B -COOH, crystallizes in shiny laminae 
that melt at 121,4°, and boil at 249° (760 mm.). It occurs in 
the oils of vetiver, tuberose, hyacinth, champaca, ylang-ylang, 
cinnamon leaves, wild cherry bark, neroli, tolubalsam and cloves. 

Phenyjacetic acid \ C fl H B -CH 2 -COOH, crystallizes in thin 
laminae that melt at 76,5° and boil at 265,5°. It occurs in 
neroli oil. 

Cinnamic acid \ C (1 H. CH:CH-COOH, melts at 133° and 
boils at 300°. It occurs in the oils of Alpinia, Kaempferia, xan- 
thorrhoea resin, storax, American storax, cassia and wartara. 

Salicylic acid \ C 6 H 4 OH COOH, m. p. 155 to 157°, occurs 
widely distributed as methyl ester (see p. 504). In addition it 
has been found in the oils of spicewood, ylang-ylang, Pittosporum 
undulatum, and American pennyroyal. 

Anisic acid, /nnethoxybenzoic acid, C fi H 4 OCH 8 COOH, 
melts at 184 n , occurs in the Tahiti vanilla. It is also found in 
all oils which, like anise oil, contain much anethol, from which 
it results upon oxidation. 

Veratric acid, (CH 8 0) 9 C 6 H 8 C00H+H 2 0, melts bet- 
ween 179,5 and 181°, and has been found in the oil of saba- 
dilla seed. 

Methyl 'P'Cumaric acid , /Mnethoxycinnamic acid, 
CH„0 • C„H 4 • CH ; CH ■ COOH , melts at 171° and occurs in 
Kaempferia oil. 
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ESTERS. 

Esters occur in most volatile oils and are frequently of 
essential import so far as the fragrance of these oils is concerned. 
On account of their mostly pleasant odor they play an important 
role in perfumery. As illustrations of oils rich in esters, the oils 
of bergamot, lavender, geranium, Siberian pine needle and 
Roman chamomille may be mentioned. It rarely happens that 
an oil consists almost exclusively of esters. Such is the case 
with the distillates of Gaultheria procumbens and Betula knta, 
which consist to the extent of about 99 p. c. of methyl salicylate, 
and which arc commonly known as wintergreen oil. With the 
exception of those esters which are solid at ordinary temperature 
and hence can be readily isolated, the identification of esters 
is not an easy matter. Characteristic derivatives, such as can 
be prepared of alcohols, ketones and hydrocarbons, are known 
only in exceptional cases. Hence one is dependant on fractional 
distillation and the characterization of the saponification products. 
To this difficulty is added the circumstance that the boiling points 
of esters of different composition are close to each other. As 
a result separation by fractionation is rendered impossible. A 
further difficulty arises from the decomposition of many esters 
when distilled under ordinary pressure. Some decompose even 
when distilled under diminished pressure. 

As a rule, esters can be readily obtained synthetically. A 
common method consists in passing hydrogen chloride into a 
mixture of the companents, which mixture is some times diluted 
with a suitable solvent. In many instances, however, this method 
cannot be applied because of the susceptibility of some of the 
acids and alcohols toward hydrogen chloride. In such cases 
the ester can be obtained by the action of the alkyl iodide on 
the silver salt of the acid, or by the action of acid anhydrides 
or acid chlorides on alcoholates. Not infrequently mere boiling 
of the alcohol with the acid anhydride suffices. Thus many 
alcohols can be converted quantitatively into their acetates by 
boiling them with acetic acid anhydride and some anhydrous 
sodium acetate. 
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Methyl benzoate. 

C fl H 5 COOCH 3 . 

The methyl ester of benzoic acid, also known as oil of 
Miobe, occurs in ylang-ylang oil and probably also in the oils 
of cloves and of tuberose. It is a colorless, optically inactive 
liquid, of a strong but pleasant odor. 

B.p. 199,2° (746,4 mm.); d 0 J,1026, 1 ) dJJI 1 ,0942.*) 

In the laboratory of Schimmel ft Co. the following constants 
have been observed: 

d lfi „ 1,0935 to 1,0955; n i)20 J,517 to 1,418; sol. in 4 vol. of 
60 p. c. and in 1,5 vol. of 70 p. c. alcohol. 

Characteristic for methyl benzoate is its crystalline derivative 
with phosphoric acid.' 1 ) The benzoates of the homologous alco- 
hols do not possess this property. 

Methyl cinnamate. 

C„ H fi • CH : CH ■ COOCH s . 

The only oils in which this ester has been found are those 
from the rootstock and leaves of Alpinia malaccensis and from 
the seeds of wartara. 

At ordinary temperature methyl benzoate is a solid possess- 
ing a peculiar, intensive odor, and characterized by the following 
properties: 

M. p. 33,4°; b. p. 2637) 

M.p. 36°; b.p. 259,6°; 1,0415/-) 

For the methyl cinnamate from wartara oil, Schimmel ft Co.*) 
observed: 

‘) Kopp, Liebig’s Annalen 94 (1855), 307, 309. 

2 ) Perkin, Journ. chem. Soc. 69 (1896), 1174. 

8 ) Raikow, Chem. Ztg. 24 (1900), 368. 

4 ) Anschutz and Kinnicutt, Berl. Berichte 11 (1878), 1220. 

•'■) Weger, Liebig’s Annalen 221 (1883), 74. 

”) Report of Schimmel 8| Co. April 1901, 59. 
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M. p. 36°; b. p. 256° (745 mm.); 
and for technical preparations of their own manufacture: 

M. p. 34 to 35°; dg: 1,0663; n D8r 1,56816; n Dg4 . 1,56729; 
dS 1,0712; n*, 1,56816. 

Methyl cinnamate is readily soluble in the ordinary organic 
solvents, likewise in olive oil and paraffin oil. Of 70 p. c. alco- 
hol 2 vol. are requisite to effect solution. 


Methyl salicylate. 


C.H. 


/ 

\ 


COOCH 8 

OH 


Methyl salicylate (salicylic acid methyl ester, artificial oil of 
wintergreen) is one of the most important perfumes and is also 
highly esteemed on account of its antiseptic properties. It has 
been known for a long time, and, as has been demonstrated in 
the course of years, is very widely distributed in the vegetable 
kingdom. Neither is its occurrence restricted to a certain part 
of the plant, but is found in all organs from the root to the 
flower. It constitutes the bulk of the oils of gaultheria and 
sweet birch. It has also been found in the oils of tuberose (from 
pomade), ylang-ylang, beech seedlings, in Roman and French 
cassie flowers, rue, tea, cloves, Viola tricolor , likewise in the 
following plants: 1 ) Podocarpus chinensis, P, Nageia , Qnetum 
Gnemon (t ovali folium, Castanopsis javanica , C. /. var., C. Tun- 
gurrut, C. spec., Quercus spec, div., Q. bancana, Q. glandulifera, 
Q. Junghuhnii, Q. pSeudomoluccana, Q. spicata, Q. Teysmannii, 
Cecropia Schiedeana, Cinocephalus ovatus, C. suaveolens, C. 
spec., Urostygma acamptophyllum, Ficus elastica, F. Benjamina, 
F B. var. crass i nerve, F. annulata, F. geniculata, F. pilosa, 
F. p. var. chrysocannia, F. retusa var. nitida, F. xylophylla, 
Sloetia Sideroxylon, Streblus mauritianus, Gironniera subae - 
qualis, Myristica intermedia, Lindera Benzoin, Parinarium 


*) Compare: van Romburgh, Vers/ag van ’s lands plantentuin teBuiten- 
zorg 1897 , 37; 1898 , 29; 1901 , 58 ; Kremers and James, Pharm. Review 10 
( 1898 ), 100; Report of Schimme! 5 Co. Oct 1899 , 56; Tailleur, Compt. rend. 
132 (1901), 1235. 



Esters. 


505 


spec.; Photinia serrata, Rubus sundaicus, Spiraea Ul maria, 
Acacia Intsia, A. pluricapitata, A. sarmentosa, A. tenerrima, 
Bauhinia pyrrhaneura, Caesalpinia Bonducella, Guilandina 
spec., Mucuna gigantea, Erythroxylon Coca, E, bolivianum, 
Canarium spec., Garuga spec., Polygala Senega, P. S. var. 
latifolia, P. Baldwini, P. variabilis, R javana, P. oleifera, P. 
serpyllacea, P. calcarea, P. vulgaris, Epirixanthes elongata, E. 
cylindrica, Adenocrepis javanica, Antidesma diandrum, Agy- 
neia multiflora, A. spec., Baccaurea spec., Cyclostemon macro - 
phyllus, Bridelia tomentosa, Elateriospermum Tokbrai, Clu- 
ytia oblongifolia, Leiocarpus arboreus, L. spec., Pierardia dul- 
cis, P. spec, div., Phyllanthus zeylanicus, Rottlera dispar \ 
Sphenodesme Wailichiana, Trewia spec., Mangifera spec., Seme- 
carpus spec., Turpinia sphaerocarpa, T. spec., Capura alata, 
Harpullia imbricata, H. spec., Meliosma pendula, Mischocarpus 
fuscescens, Elaeocarpus resinosus, Wormia triquetra, Thea 
cbinensis, T. cochi nchinensis, Calpandria lanceolata, Hydno- 
carpus Wightiana, H. aipina, H. venenata, Scolopia Roxburghii, 
Taraktogenos Blumei, Alsodeia cymulosa, Viola tricolor, Homa- 
lium tomentosum , H. javanicum, Carallia symmetria, Meme- 
cylon spec., Nania vera , Barringtonia rubra, B. spicata, B. spec, 
div., Monotropa Hypopithys, Gaultheria fragrantissima, G. leu- 
cocarpa, Ardisia humilis, A. lurida, A. fuliginosa, A macro - 
phylla, A. purpurea, A. reclinata, A. sanguinolenta, A. speciosa, 
A. spec., Sideroxylon obovatum, Diospyros aurea, D. cauli- 
flora, D. acuminata, D. Gardneri, Maba spec., Symplocos 
spec, div., S. fasciculata, Chionanthus elliptica, C. latifolia, C. 
montana, C. ramiflora, C. spec., Allamanda Hendersoni, Chiio - 
carpus densifiorus, C. denudatus, C. spec., Melodious laevigatus, 
M. orientalis, Landolphia Watsonii, Alstonia angustifoiia, A. 
Hcedti, A. macrophylla, A. villosa, A. spec., Hunteria corymbosa, 
Rauwolfia spectabilis, Cryptolepis laxiflora, Marsdenia tenacis- 
sima, Cordia asperrima, Bignonia Chamberlaynii, B. exoleta, 
Tecoma mexicana, Hexacentris coccinea, Nyctocalos brunfelsise- 
florus, Thunbergia grandi flora, Canthium palembanicum, C. spec., 
Gardenia Fitzalani, G. Schcemannii, Mauclea iagifolia, N. poly- 
cephala, /Y. spec., Pavetta angustifoiia, P. arborea, P. barbata, 
P. grandi flora, P. g. var. lutea, P. g. var. aurantiaca, P. littorea, 
P. longiflora, P. rosea, P. paludosa, P, longipes, P. spec., 
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Petunga variabilis, P. spec., Psychotria celastroides, P. robus- 
ta, P. undata, Wendlandia spec., Anthocephalus Cadamba, 
Coffca densiflora, C. lepidophloia, C. fiberica, C. stenophylla, 
Griff ithia acuminata, G. eucantba, Mussaenda frondosa, M. offi- 
cinalis, M. rufinervia, Polyphragmon spec., Randia densiflora, 
R. dumetorum, R. ufiginosa, Sarcocephalus subditus, Scyphos- 
tachys coffeoides, Viburnum sundaicum , Stifftia chrysantha and 
Vernonia arborea. 

As a rule, methyl salicylate does not occur as such in the 
vegetable kingdom, but in the form of a glucoside. Thus in the 
leaves of Gauftheria procumbens and in sweet birch bark it 
occurs as gaultherin from which it is set free by ferment action. 
Hence the yield of methyl salicylate from these sources is greatly 
increased if the material is moistened and set aside for several 
hours. In the case of many of the above mentioned plants the 
distillate from fresh material contains no methyl salicylate 
whatever. 

As to the nature of the methyl salicylate-yielding glucosidcs 
little is as yet known. In addition to the gaultherin already 
mentioned primverin and primulaverin yield methyl salicylate. 
Both glucosides occur in the Primulaceac and are hydrolysed 
by primverase, the accompanying ferment. 1 ) 

Artificially methyl salicylate is obtained by heating methyl 
alcohol and salicylic acid in the presence of sulphuric acid. On a 
large scale this ester has been manufactured by Schimmcl $ Co. 
since 1886 and is placed upon the market as artificial oil of 
wintergreen. 

Methyl salicylate is a colorless liquid, which is optically 
inactive and possesses an intense, peculiar odor. As to its 
other properties, the following data have been recorded: 

B. p. 217° (730 mm.); 2 ) 

B. p. 223,7° (corr.); d r 1,1969, d jr 1,1819;*) 

M. p. -8,3 V) 

B. p. 222,2° (corr.), d 4 . 1,1992, d JtV 1,1890. s ) 

*) Goris and Maseru, Compt. rend. H» (1909), 947. 

*) Schreiner, Liebig’s Annalen 197 (1879), 17. 

a ) Kopp, Ibidem 94 (1855), 301, 302. 

') v. Schneider, Zeitschr. f. physik. Chem. 22 (1897), 233. 

ft ) Perkin, Journ. chem. Soc. 69 (1896), 1187. 



Esters. 507 

In connection with technical products, Schimmel observed 
the following constants: 

d lft0 1,185 to 1,190; n mo „ 1,536 to 1,538; soluble in 6 to 8 vol. 
of 70 p. c. alcohol. 

Methyl salicylate dissolves in potassium hydroxide solution 
of medium concentration forming the readily soluble ester salt 
potassium methyl salicylate. From such a solution it can be 
recovered unchanged by means of dilute acids. Sodium hydroxide 
solution precipitates the difficultly soluble sodium methyl sali- 
cylate. When heated with an excess of alkali, both ester salts 
are saponified. From these saponified solutions, acid precipitates 
salicylic acid. 

Characteristic for salicylates is the violet color produced 
by ferric chloride. 

Ethyl acetate. 

CH t COOC s H I . 

The presence of ethyl acetate (acetic ether) in volatile oils 
has not yet been demonstrated. However, an observation by 
Goppcrt 1 ) is on record, according to which the flowers of 
Magnolia fuscata, more particularly the fallen petals, develope 
an odor closely resembling that of ethyl acetate. Hence this 
ester, though of technical and particularly of pharmaceutical 
importance, is of little interest to the perfume chemist. Ethyl 
acetate is a colorless, neutral liquid possessing a refreshing odor. 
It boils at approximately 76° and at 15" has a specific gravity 
of 0,90 to 0,91. With the ordinary organic solvents it is miscible 
in all proportions. For many substances it acts as a good sol- 
vent. 18 p. ofj water dissolve 1 p. of acetic ether. On the other 
hand 28 p. of acetic ether dissolve 1 p. of water. 

Ethyl benzoate . 

C„H 6 COOC s H v 

Thus far ethyl benzoate has not been found in nature. Its 
odor resembles that of the methyl ester, but is somewhat milder. 
Its constants are: 


J ) Liebig’s Annalen 111 (1859), 127. 
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B. p. 21 1,2° (729 mm.); d 16 . 1,0502;*) b. p. 212,9° (745,5 mm.). 4 ) 

In connection with technical preparations of their own 
manufacture, Schimmel $ Co observed: 

d 1A . 1,0515 to 1,0523; n mo . 1,50501 to 1,50630; soluble in 
7,5 vol. of 60 p. c. and in 2 vol. of 70 p. c. alcohol. 

Ethyl salicylate. 

/COOC 2 H r( 

C fl H 4 . 

OH 

Salicylic acid ethyl ester is of interest only in so far as it 
finds application in perfumery. In volatile oils it has not yet 
been found. Jt is a colorless liquid, the odor of which is more faint 
than that of wintergreen. Perkin !i ) records the following properties: 

B. p. 233,5 to 234,0° (corr.); d in . 1,1372. 

Schimmel $ Co. found: 

B. p. 234 to 235° (743 mm.), 91° (5 mm.); d 16 . 1,1352; a D I 0°; 
n Mr 1,52338; soluble in 4 vol. of 80 p. c. alcohol. 

When strongly cooled it can be made to congeal and then 
melts at 1,3V) 


Ethyl cinnamate. 

C„ H ft • CH : CH • COOC 2 H fi . 

Cinnamic acid ethyl ester is one of the more rarely occurring 
constituents of volatile oils. Its occurrence is restricted to the 
oils of ksempferia and storax. Artificially it is obtained by 
passing hydrogen chloride gas into the alcoholic solution of 
cinnamic acid. The ester is a liquid which has a pleasant odor, 
congeals at lower temperature, is optically inactive and possesses 
the following additional properties: 


‘) Linnemann, Liebig’s Annalen 160 (1871), 208. 

*) Kopp, Ibidem 94 (1855), 309. 

*) journ. chem. Soc. 69 (1896), 1176. 

4 ) v. Schneider, Zeitschr. f. physik. Chem. 19 (1896), 158. 
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M. p. 12V) b. p. 271V) d 0 . 1,0656, d S0 , 2 , 1,0498 ;«) 

B. p. 195,5° (103 mm.); d 1B , 1 ,0546. 1 2 * 4 * ) 

In connection with technical products Schimmel § Co. observed : 

d 1B J,053 to 1,055; n 1)20 o 1,559 to 1,561; soluble in 5 to 7 vol. 
of 70 p. c. alcohol. 

Amyl salicylate . 

COOC B H n 

c„i"V 

OH 

While not a constituent of volatile oils, salicylic acid amyl 
ester, also known as orchidee, trefle or trefol, finds extensive 
application in perfumery and may, therefore, be mentioned. It 
is a colorless or yellowish liquid, the strongly aromatic odor of 
which reminds of some of the orchids. In connection with 
products of their own make Schimmel § Co. observed the 
following properties: 

B. p. 276 to 277" (743 mm.), 151 to 152° (15 mm.); d lft . 1,049 
to 1,055; a 1} slightly dextrogyrate, up to 4- 2°; n mo . 1,505 to 1,507; 
soluble in about 3 vol. of 90 p. c. alcohol. 

In as much as the ester is not readily saponifiable, it is 
necessary for a quantitative saponification to heat it with an 
excess of alkali for two hours on a wather bath. Indeed, it is 
well to apply this precaution to other esters of salicylic acid. 

In addition to its use as a perfume, amyl salicylate is also 
employed to fix the odor of finer perfumes. Therapeutically it has 
also been successfully employed as a remedy against rheumatism. 6 ) 

Linalyl acetate . 

CH 8 COOC jo H 17 . 

Linalyl acetate, the most valuable and characteristic con- 
stituent of the oils of bergamot and lavender, is rather widely 

1 ) Wegener, Private communication by Friedltnder, Liebig’s Annalen 
221 (1883), 75. 

2 ) Anschutz and Kinnicutt, Berl. Berichte 11 (1878), 1220. 

8 ) Kopp, Liebig's Annalen 95 (1855), 320. 

*) Perkin, journ. chem. Soc. 89 (1896), 1228, 

6 ) According to Pharm. Zentralh. 43 (1902), 637. 
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distributed. In addition to the above mentioned two oils, it has 
been found in the oils of Canada snakeroot (?), ylang-ylang (?), 
sassafras leaves, the bark of Cinnamomum pedatinervium, 
petitgrain, lemon, neroli, the Italian limette, jasmine, muscatelle 
sage(?), the oil of the leaves of Mentha citrata and gardenia. 

Since both linalool and linalyl acetate readily undergo change 
and decomposition, the artificial preparation of the ester is not 
readily accomplished. Thus the common method of acetylation 
yields but poor results since the linalool is partly decomposed, 
partly rearranged to terpineol, geraniol and nerol. According to 
Tiemann ') a pure linalyl acetate can be obtained by the interaction 
between sodium linalool and acetic acid anhydride. 

Linalyl acetate is a colorless liquid with a pleasant odor 
reminding of bergamot. In accordance with the linalool employed, 
it deviates the ray of polarized light ether to the right or left. In 
connection with a linalyl acetate prepared according to Tiemann’s 
method, Hesse and Zeitschel -) observed the following constants: 

B. p. 96,5 to 97 (10 mm.), 1 15 to 116° (25 mm.), about 220° 
with decomposition (762 mm.); d,-, 0,913; [«]„ — 6° 35'; ester 
content 97,6 p. c. 

Under the name of bergamiol, Schimmcl $ Co. introduce 
into the market a product that possesses approximately the 
following properties: 

d IiV , 0,90 to 0,91; n wr 1,451 to 1,454; soluble in 10 to 15 vol, 
of 60 p. c. and in 3 to 5 vol. of 70 p. c. alcohol. 

Geranyl formate. 

HCOOC J0 H l7 . 

This ester, which has not yet been observed in nature, is 
formed even upon standing of a solution of geraniol in crystallized 
formic acid, 11 ) better still upon the addition of a small amount 
of a mineral acid. l * 3 4 ) According to Tiemann (loc. cit.) the ester 

l ) Bert. Berichte »l (1898), 839. 

’) Journ. f. prakt. Chem. II. 04 (1901), 256. 

3 ) Tiemann and Schmidt, Berl. Berichte 29 (1896), 907, footnote. 

') Bertram, G. 1. P. 80711. 
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boils at 113 to 114° (15 mm.), according to Bertram at 104 
to 105° (10 to 11 mm.). 

In connection with a technical product of about 91 p. c. ester 
content, Schimmel $ Co. observed the following constants: 

d lft , 0,9248; «„ 10°; n ])200 1,46456; soluble in 10 parts and 
more of 70 p. c. alcohol. 

Like all formates, the ester is prone to decomposition. 

GeranyJ acetate. 

CH.,COOC 10 H 17 . 

Like linalyl acetate, geranyl acetate occurs rather commonly 
in volatile oils. It is the principal constituent of the oil of 
Darwinia fascicu/aris, and has also been found in the oils of 
the needles of Callitris glauca, palmarosa, lemongrass, sassa- 
fras leaves, kuromoji, geranium (?), petitgrain, neroli, coriander, 
Eucalyptus Staigeriana, E. Macarthuri, Leptospermum Liver - 
sidgei and lavender. Artificially geranyl acetate is obtained by 
heating geraniol with acetic acid anhydride and some anhydrous 
sodium acetate. In connection with a product obtained by this 
method, Bertram and Gildcmeister J ) observed: 

B. p. 242 to 245" with decomposition (764 mm.); 127,8 to 129,2° 
(16 mm.); d lfl „ 0,9174; n mRU 1,4628. 

In connection with technical products of their own make 
Schimmel $ Co. observed: 

d*. 0,910 to 0,917; u n I 0 r ; n J)2(l J,462 to 1,466; soluble in 
7 to 10 vol. of 70 p. c. alcohol. 

The odor of geranyl acetate is pleasant and flower-like, 
reminding of that of linalyl acetate. 

Citronellyl formate. 

HCOOC 10 H JU . 

The formic ester of citronellol has thus far not been found 
in volatile oils. It is readily formed by boiling citronellol with 

’) Journ. f. prakt. Chem. H. 49 (1894), 189. 
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twice its volume of strong formic acid, 1 ) also by setting aside for 
several days a solution of citronellol in anhydrous formic acid.*) 

The ester decomposes readily, and according to Tiemann 
and Schmidt (loc. at.) boils between 97 and 100° (10 mm.). 

In connection with a technical product containing 93,2 p. c. 
of ester Schimmel 8j Co. observed the following properties: 

d,,. 0,9105; u D — T9'; n II80 , 1,451 11; soluble in 12,5 vol. of 
70 p. c. and in 2,5 vol. of 80 p. c. alcohol. 

Citronellyl acetate. 

CH s COOC 10 H 19 . 

Citronellyl acetate is probably a constituent of citronclla oil 
and oil of geranium, but its presence in either oil has not yet 
been definitely established. Artificially it can readily be obtained 
by the action of acetic acid anhydride on citronellol. It is a 
colorless liquid with a pleasant odor faintly resembling that of 
bergamot oil. According to Maschold”) it boils at 121,5° under 
15 mm. pressure. Tiemann and Schmidt 1 ) record the following 
properties: 

B. p. 119 to 121° (15 mm.); d H , 0,8928; [«1 1)1W + 2,37 s ; 
!W 1-4456. 

In the laboratory of Schimmel $ Co. the following constants 
were observed: 

d lft0 0,9013; a D — 1° 15'; n IW 1,44891; soluble in 6 vol. of 
70 p. c. alcohol. 

Benzyl acetate. 

CH 8 COOCh 2 C B H ft . 

Benzyl acetate is the principal constituent of the oil of 
jasmine flowers and of gardenia oil. It is also contained in ylang- 
ylang oil and in hyacinth oil. Artificially this ester can be ob- 
tained in a variety of ways. The simplest method is to acetylizc 

*) Walbaum and Stephan, Berl. Berichte 83 (1900), 2307. 

*) Tiemann and Schmidt, Berl. Berichte 29 (1896), 907. 

3 ) BeitrSge zur Kenntnis a/iphatischer Terpenverbindungen. Inaug 
Dissert. Gottingen 1896, p. 49. 

*) Loc. cit. 
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benzyl alcohol with acetic acid anhydride, or to act on benzyl 
alcohol with acetic acid in the presence of sulphuric acid. 1 ) 
According to Seelig 8 ) a mixture of benzyl chloride, fused potassium 
or sodium acetate and glacial acetic acid are boiled for 20 
to 30 hours in a flask connected with a reflux condenser. The 
latter is provided with a calcium chloride tube to keep out moisture. 
Tiemann 3 ) uses benzaldehyde as starting point which he gently 
boils with zinc dust and glacial acetic acid for about 12 hours 
in a flask connected with a reflux condenser. 

Benzyl acetate is a colorless liquid of a refreshing odor 
reminding of jasmine. According to Hesse and Muller 4 ) it boils 
between 215 and 216° and has a specific gravity of 1,060 at 15°. 

In connection with their own products prepared on a tech- 
nical scale, Schimme! § Co. have observed the following con- 
stants: b. p. 215° (760 mm.), 95° (10 mm.), 69" (4 mm.); d JJV . 1,060 
to 1,062; n wo . 1,502 to 1,504; ester content 98 to 100 p, c.; 
soluble in 2 vol. of 70 p. c., 6 vol. of 60 p. c., 20 vol. of 50 p. c., 
70 vol. of 40 p. c., 120 vol. of 35 p. c., and 200 vol. of 30 p. c. 
alcohol. 

The benzyl acetate content is the principal criterion as to 
the purity of the product. In as much as benzyl chloride may 
be used in its production, the absence of chlorinated products 
should be ascertained. 

On account of its ready solubility in dilute alcohol, benzyl 
acetate is particularly adapted to the preparation of perfumes 
with low alcohol content. 

Benzyl benzoate . 

C e H ri COOCH a C,H 0 . •’ 

This ester is an essential constituent of cinnamein or Peru 
balsam oil. It likewise occurs in the oils of tuberose, ylang-ylang 
and tolu balsam. 

According to Claisen, 3 ) benzyl benzoate can be prepared by 
dissolving l 1 /* g. of sodium in the requisite amount of benzyl 

J ) S. Cannizaro, Liebig’s Annaien 88 (1853), 130. 

*) Journ. f. prakt. Chem. 89 (1889), 162. 

3 ) Berl. Berichte 19 (1886), 355. 

*) Berl, Berichte 82 (1899), 744. 

6 ) Berl. Berichte 20 (1887), 649. 

Gildemeister, The volatile oils. 
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alcohol to effect solution. 200 g. of benzaldehyde are then added 
and the mixture heated for several days on a water bath. The 
reaction product is acidulated with glacial acetic acid, the oil 
thrown out of solution with water and destilled. 

Benzyl benzoate is a somewhat viscid colorless liquid which 
is difficultly volatile with water vapor and possesses a faint odor. 
A ta low temperature it congeals to white crystals which melt again 
at about 20°. Claisen 1 ) records the following properties: 

M. p. 21"; b. p. 323 to 324"; d jr 1,1224 (liquid). 

In the laboratory of Schimmel 8j Co. the following constants 
have been observed: 

M. p. 19 to 20"; b. p. 156° (4,5 mm.); d ln „ 1,121 to 1,125; 
n J)2r 1,569 to 1,570; soluble in 10 vol. of 80 p. c. and in 1,5 to 2 vol. 
of 90 p. c. alcohol. 

In perfumery benzyl benzoate finds extensive application as 
solvent and fixing agent for other more volatile perfumes. 
Thus, e. g. it is used in making concentrated solutions of arti- 
ficial musk. 


Benzyl cinnamate. 

C„H r) CH : CH-COOCM 8 C tt H r> . 

Cinnamic acid benzyl ester, C 1B H n O.,, has been found in 
the oils of storax, tolu balsam and Peru balsam. According to 
Cirimaux,*) it can be obtained artificially by boiling sodium cinna- 
mate, alcohol and benzyl chloride in a flask connected with a 
reflux condenser. It forms white, shiny crystals which possess 
an aromatic odor, boil at 39° and decompose at about 350°. 3 ) 
Occasionally it remains liquid for hours even at a temperature 
of 0 n . When it congeals, the ester forms a wax-like looking mass 
of radiating crystals. 

A product containing 98 p. c. of ester, when examined in the 
laboratory of Schimmel $ Co., was found to possess the following 
properties : 


') Berl. Berichte 20 (1887), 647. 
s ) Compt. rend. «7 (1868), 1049. 
3 ) Grimaux, Ibidem, 1051. 
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M. p. 315 to 32, 5 f ; b. p. 195 to 200° (5 mm.), 335 to 340° with 
decomposition (ordinary pressure); ‘soluble with slight turbidity 
in 7,5 vol. of 90 p. c. and in 1 vol. of 95 p. c. alcohol. 

Cinnamyl cinnamate. 

C tt H r> CH : CH • COOCH., CH : CH • C # H ft . 

The cinnamyl ester of cinnamic acid, also known as styracin, 
C 1 h H J( . 0.,, is found in storax, also in the oils of hyacinth (?), 
xanthorrhoea resin, Peru balsam and Honduras balsam. 

When pure it constitutes shiny white crystalline masses 
which melt at 44 V) are insoluble in water, and rather difficultly 
soluble in alcohol. With water vapor the ester is difficultly 
volatile. 

Of its derivatives the dibromide, C„H 5 CH:CHCOXH,- 
CHBr CHBr C h H 5 , which melts at 151 should be mentioned. 
According to Miller 2 ), it is obtained by adding bromine to an 
ethereal solution of styracin until it is no longer decolorized. 
After 24 hours the white powder that has been deposited is 
removed by filtration, washed with ether and recrystallized from 
hot alcohol. 


Terpinyl formate. 

HCOOC I0 H i; . 

Terpinyl formate possibly occurs in Ceylon cardamom oil, 
but its presence therein has not yet been definitely established. 
Artificially, the ester has been obtained by Lafont 3 ) who allowed 
two parts of laevogyrate turpentine oil to stand for several weeks 
with one part of crystallized formic acid. The product thus ob- 
tained revealed the following constants: 

B. p. 135 to 138° (40 mm.); d 0 , 0,9986; [4,-69,25°. 

Dextrogyrate turpentine yields the dextrogyrate ester with 
otherwise the same constants. 

‘) Miller, Liebig’s Annalen 1H8 (1877), 202. 

-) Liebig’s Annalen m (1877), 344. 

a ) Compt. rend. 10# (1888), 140; Bull. Soc. chim. II. 40 (1888), 325. 

33* 
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Terpinyl acetate. 

CH 8 COOC 10 H 17 . 

The acetate of terpineol has been found only occasionally 
in volatile oils: the dextrogyrate ester in cypress oil and the oil 
of Malabar cardamom, the inactive in oil of cajeput. It possibly, 
occurs also in Siberian pine needle oil and in the German oil 
from the needles of P/nus si/vestris, and in niaouli oil. However, 
reliable data are still wanting. 

Artificially, terpinyl acetate has been obtained by Bouchardat 
and Lafont 1 ) by heating a mixture of pinene and acetic acid for 
64 hours. According to Bertram 2 ) this reaction is accelerated 
greatly by the addition of small amounts of an inorganic 
acid. Likewise from terpineol and acetic acid anhydride a 
good yield of ester can be obtained by observing the proper 
conditions. 

Terpinyl acetate is a colorless liquid of a relatively faint 
odor. According to the character of its source it is dextrogyrate, 
laevogyrate, or optically inactive. According to Bouchardat and 
Lafont (Ioc.cit.) it boils at 110 to 115° under 10 mm. pressure; 
and at 220° under ordinary pressure, but with partial decomposi- 
tion. For a terpinyl acetate obtained by heating 1 vol. of oil of 
lemon with l l /s vol. of glacial acetic acid, Lafont 3 ) determined 
the following properties: 

B. p. 140° (40 mm.); d r 0,9828; [«]„-} -5 2 n 30'. 

In the laboratory of Schimmel Co. technical products 
with a 90 p. c. ester content have been found to possess the follo- 
wing properties: 1 

B. p. 90 to 94° (5 mm.); d l6 . 0,9544 to 0,961 ; « Jt f0 n , n I)20 , 
1,46526 to 1,46585; soluble in about 5 vol. of 70 p. c. alcohol. 
Terpinyl acetate is rather difficultly saponifiable. Hence a large 
excess of alkali should be used in quantitative determinations 
and the mixture should be heated for two hours, for otherwise 
values will be obtained that are too low. 

*) Annal. de Chim. et Phys. VI. 16 (1889), 244. 

*) G.l. P.67255. 

*) Annal. de Chim. et Phys. VI. 15 (1888), 153. 
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Bornyl formate. 

HCOOC 10 H„. 

Bornyl formate occurs in valerian oil and possibly in the 
oil of Achillea nobilis. It results upon the interaction of borneol 
on formic acid in the presence of some mineral acid. 1 ) It is a 
colorless liquid with a strong but pleasant odor, According to 
the borneol employed, the ester is either dextrogyrate or laevo- 
gyrate. The following constants have been recorded in chemical 
literature: 

d-Bornyl formate: 

B. p. 225 to 230°; 2 ) 98 to 99 (15 mm.); d Jfl . I,017 :1 ). 

B. p. 90° (10 mm.); d, r 1,013; «„+ 31°; n J(ir 1,47078*). 

B. p. 106 to 108° (21 mm.), 90° (10 to 11 mm.); d r 1,027, 
d 22 o 1,009; f«] 1) -f-48°45 , . n ) 

1-Borny! formate: 

B. p. 106 to 108 (21 mm.); d rr 1,026, d*. 1,009; 48 56' 

(Behai, loc. c/7.). 

B. p. 97 11 (15 mm.); d* ( f 1,0058; M, -40,46V) 

B. p. 215°; [«]„— 49° (4,55 p. c. solution in alcohol). 7 ) 

A technical product examined in the laboratory of Schimmel 
8( Co. and containing 98,8° p. c. ester had the following properties: 

B. p. 85 to 86° (7 mm.); d ir 1,0126; « D -47°32'. 


Bornyl acetate. 

CH 8 COOC 10 H t7 . 

This ester, which is a characteristic constituent of many 
coniferous oils, also occurs in several other oils. The dextrogyrate 
acetate occurs in the needle oil of Callitris glauca, the laevogyrate 
acetate in the needle oil of Abies alba, in the oil from the twigs 

*) Bertram, G.I. P.80711. 

*) Bruylants, Berl. Berichte 11 (1878), 455. 

8 ) Bertram and Walbaum, joum. f. prakt. Chem. II. 49 (1894), 7. 

4 ) Bertram and Walbaum, Arch, der Pharm. 231 (1893), 305. 

8 ) Behai, Annal. de Chim. et Phys. VII. 20 (1900), 421. 

8 ) Tschugaeff, Berl. Berichte 81 (1898) 1775. 

7 ) Minguin and de Bollemont, Compt. rend, 134 (1902), 609. 
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of A. canadensis , A. balsamea and Siberian pine needle oil, also 
in the oils of coriander, valerian and kesso root. The acetate 
has likewise been found in the following oils but observations 
as to its direction of rotation are wanting, viz., in the oil from 
the cones of Abies alba (?), the oil of Pin us montana, the oils 
from the cones and needles of Picea canadensis and P. rubens, 
the oil from the twigs and needles of Larix americana, in German 
and Swedish oils of Pinus si/vestris (?), in the needle oil of 
Picea nigra, and in the oils from Satureja Thymbra, Thymus 
capitatus and golden rod. 

The artificial preparation of bornyl acetate affords no diffi- 
culty. It can be obtained when borncol is acetylized in the 
ordinary manner, also by heating borneol with anhydrous acetic 
acid in the presence of some sulphuric acid. 1 ) 

It is the only bornyl ester of a fatty acid which has thus 
far been obtained in a crystalline state. From petroleum ether 
it is obtained in handsome hemiedric crystals, which melt to a 
colorless liquid at 29' V 2 ) Molten bornyl acetate may remain 
in a liquid condition for a long time. Its aroma is typical of 
that of pine needles imparting to it its freshness and strength. 
The direction of rotation of the ester corresponds with that of 
the borneol. The following properties have been recorded: 

M. p. 29 '; b. p. 98 n (10 mm.); d*. 0,991; « tl — 38" 21 # ; 
n 1)lf , 1,46635;*) b. p. 106 to 107° (15 mm.); 4 ) 

B. p. 107° (15 mm.); df 0,9855; [«]„ -44,40 V) 

d 1(V , 0,9908; «„ -43° 40'; n J)ao , 1 ,46387 ; d lfjU 0,9912; « ll -43°40'; 
n„. :r 1,46446; soluble in 2,7 vol. of 70 p. c. alcohol; m. p. 28,5°; 
d lft o 0,9912; « J)lr -j- 40° 28'; 1,46397; soluble in 3 vol of 

70 p. c. alcohol.*) 

In connection with two liquid commercial products Schimmel 
$ Co. observed the following properties: 

d ir 0,9905; ^-2° 22'; and d lfin 0,9901; a tt + 29°4'. 

■) G. I. P. 80711. 

4 ) Bertram and Walbaum, Arch, der Pharm. 231 (1893), 304. 

!l ) Bertram and Walbaum, Ibidem 305. 

*) Bertram and Walbaum, Journ. f. prakt. Chem. 11. 48 (1894), 7. 

r ’) Tschugaeff, Berl. Berichte 81 (1898), 1775. 

") Observations made by Schimmel $ Co. 
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For the identification of bornyl acetate, fraction 220 to 230° 
is employed. It is strongly chilled and inoculated with a little 
solid bornyl acetate. If the desired results are not thus obtained, 
the sample in question is saponified and the components identified. 

Bornyl iso valerate. 

C,H,COOC„H lt . 

Bornyl /sovalerate occurs in oil of valerian and in kesso 
root oil. In the latter it is found in the lajvogyratc modification. 
Artificially it is obtained by the esterification of borneol with 
/sovaleric acid. It is a colorless, aromatic liquid, the odor and 
taste of which remind both of valerian and borneol. According 
to Bruylants 1 * 3 ) it boils between 255 and 260'’. 

In connection with technical products showing an ester content 
of 86 to 89", o, Schimmel $ Co. observed the following constants: 

d U)0 0,954 to 0,955; - 34 ’ 25' to 35° 31'; n, m .. about 1 ,462; 

soluble in about 4 vol. of 80 p. c. alcohol. 

For its quantitative saponification, heating for two hours 
with a large excess of potassa is required. 

Bornyl /sovaleratc is reputed to produce good results in all 
sorts of nervous troubles, especially in nervous heart affections. 
It is also said to stimulate the appetite. 

Menthyl acetate. 

CH S COOC 10 H 1S . 

Menthyl acetate, a liquid having a peppermint- like odor, 
has thus far been observed only in oil of peppermint. It can 
readily be obtained by boiling menthol with acetic acid anhydride 
and some sodium acetate. Its properties are: 

B. p. 227 to 228°; dJT 0,925; [u] v 79,267) 

d tI . 0,9296 to 0,9298 ; « D — 72° 47' to — 73° 18'; n 1BB . 1 ,44669 
to 1,44680; soluble in about 15 vol. of 65 p. c. and in about 6 vol. 
of 70 p. c. alcohol. 8 ) 


l ) Berl. Berichte 11 (1878), 456. 

*) Kishner, Joum. russ. phys. chem. Ges. 27 (1895), 480. 

3 ) Observation in the laboratory of Schimmel $ Co. 
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Menthyl mvalerate. 

C,H 0 COOC 10 H jb . 

Up to the present time this ester has been found only in 
American peppermint oil. It is a colorless liquid the odor of 
which reminds of both components. Artificially it is obtained 
by the esterification of menthol with /sovaleric acid. In connection 
with technical products thus obtained and containing about 80 p. c. 
ester, Schimmel § Co. observed the following properties: 

d„. 0,9067 to 0,908; « n — 56 n 28' to — 56°51'; n 1)20 J, 44851 
to 1,44861; soluble in 5 to 7 vol. of 80 p. c. alcohol. 

This ester also is saponifiable with difficulty. For quantitative 
determinations the process of heating on the water bath with the 
excess of alkali should be extended over two hours. 

Menthyl /sovalcrate has been recommended as analeptic * 
and antineuralgic. It is also reported to have been effective 
in the treatment of sea sickness. 


LACTONES. 

Lactones also have been found in volatile oils. Some of them, 
like sedanolid, coumarin, and hydrocoumarin arc characterized 
by a strong odor. Alantolactone and the lactone Cj 0 H w O* from 
peppermint oil have but a faint odor. 

In this connection only two of the most important, viz., 
coumarin and alantolactone, are to be considered. 


Coumarin. 

CH 



C-CH : CH-CO 
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Coumarin (o-hydroxycinnamic acid anhydride), C B H 0 O 2 , the 
odoriferous principle of the “Waldmeister” (Asperula odorata), 
is widely distributed in the vegetable kingdom. It was first ob- 
served in the tonka beans, the fruit of Dipteryx odorata in which 
it occurs in largest amount. Later is was found in the “Wald- 
meister”, also in dates, in Peru balsam, in the salikounda beans 
of Copeifera Salikounda, in lavender oil, in the bulbs of Vitis 
sessi/ifolia, in the resin and bark of Ceratopetaium apetalum 
also in the following plants: Adiantum pedatum, A. peruvianum, 
A. trapeziforme, Anthoxanthum odoratum, Cinna arundinacea, 
Hierochloa alpina, H. australis, H. borealis, Milium effusum, 
Aceras anthropophora, Angreecum fragrans, Migritella angusti- 
folia, Orchis fusca, Orchis militarist), Hern iaria glabra, Achlys 
tripbylla, Prunus Mahaleb, Ruta graveolens, Dipteryx odorata, 

D. oppositifolia, D. pteropus, Melilotus alba, M. altissima, 
M. hamata, M. leucantha, M. officinalis, Chrysophyllum im- 
perialis, Peristrophe angustifolia, Alyxia stel/ata, Galium tri - 
florum, Spcrmacoce semicrccta, Liatris odoratissima, L spicata, 
Ageratum mexicanum, A. conyzoides, Eupatorium Ayapana and 

E. airicanum (?). A ) As melilotate, coumarin also occurs in Lind- 
saya cultrata and in Melilotus officinalis. Apparently coumarin 
does not always exist as such in the plant, but is frequently 
formed by ferment action since its odor often becomes noticeable 
only after drying. Synthetically it was obtained by Perkin 2 ) by 
the action of acetic acid anhydride and sodium acetate on salicylic 
aldehyde. However, it is also obtained by other methods and 
in recent years has constituted an important article of chemical 
industry. 

Coumarin forms colorless, shiny laminae or rhombic prisms 
and possesses a pleasant, spicy odor and a bitter taste. In 

4 ) Literature : Bley, Arch, der Pharm. 142 (1 857), 32 ; Poulsen, Bot Zentralbl. 
15 (1883), 415; Lojander, Just Jahresbericht 1887, Bd. 1. 181 ; Molisch and Zeisel, 
Berichte d. deutsch. botan. Gesellschaft 6 (1888), 353; Greshoff, Berlchte d. 
deutsch. pharm. Ges. 9 (1899), 214; Peckolt, Zeitschr. d. allg. 5sterr.Apoth.Ver, 
31 (1893), 829; Molisch, Apotheker Ztg. 17 (1902), 45, 137; Busse, Berichte d. 
deutsch. pharm. Ges. 14 (1904), 205; Peckolt, Ibidem 45; Senft, Pharm. Zentralh. 
45 (1904), 599; Tschirch, Ibidem (1905), 803; Schimmel’s Bericht April 1889, 46; 
October 1889, 58; Report of Schimmel 8r Co. April 1890, 66; October 1900, 79; 
April 1902, 93, 

*) Berl. Berichte 8 (1875), 1599. 
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extreme dilution its odor resembles that of new mown hay. 
According to Zwenger and Dronke it melts at 67 V) Schimmcl Co. 
observed the melting point of 69 to 70 1 in connection with the 
best commercial products. It sublimes without decomposition 
and boils at 290,5 to 29V: 1 ) 

Coumarin dissolves difficultly in cold, somewhat more readily 
in hot water, easily in alcohol, and ether and in volatile and 
fatty oils. As to its solubility in alcohol of different strengths, 
Schimmcl $ Co. have made the observations recorded in the 
following table. 1 ') 


100 parts alcohol 

at 0° C. 

atl6to17°C. at 29 to 30° C. 

of 90 vol.-percent. 

7,1 parts 

13,7 parts 

42,5 parts 

of 80 vol.-percent. 

6,0 parts 

12,3 parts 

38,3 parts 

of 70 vol.-percent. 

4,4 parts 

9,1 parts 

26,0 parts 

of 60 vol.-percent. 

3,2 parts 

6,0 parts 

16,0 parts 

of 50 vol.-percent. 

1,7 parts 

3,4 parts 

8,9 parts 

of 40 vol.-percent. 

0,7 parts 

1,5 parts 

3,9 parts 

of 30 vol.-percent. 

1 

0,3 parts 

0,6 parts 

1,7 parts 

of 20 vol.-percent. 

0,2 parts 

0,4 parts 

0,8 parts 

of 10 vol.-percent. 

0,15 parts 

0,25 parts 

0,5 parts 

100 parts water 

0,12 parts 

I 0,18 parts 

0,27 parts 


When boiled with concentrated potassa solution, coumarin is 
hydrolized to o-coumaric acid, HOC tt H t CH:CHCOOH, which 
melts at 207 to 208°. When fused with potassium hydroxide it 
yields salicylic acid (m. p. 156 to 157°). When reduced with 
sodium amalgam, melilotic acid, HOC fl H 4 CH 2 CH 2 COOH 
(m. p. 8t°) is obtained, whereas reduction with sodium and alcohol 
yields a phenol alcohol, o-hydroxydihydrocinnamic alcohol, the 


l ) Liebig’s Annalen 123 (1862), 148. 

3 ) Perkin, Liebig's Annalen 147 (1868), 232. 
!l ) Report of Schimmel $ Co. April 1HW, 66. 
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benzoyl compound of which melts at 99 to 1007) Bromine adds 
to form dibromcoumarin melting .at 1007) 

Coumarin and its solutions should be kept in a cool, dark 
place. In the course of even a few weeks light colors it yellow 
with polymerization to hydrocoumarin melting at 2627) which 
is an odorless compound difficultly soluble in alcohol. 

When ascertaining its purity, the determination of its mel- 
ting point is of first importance, then that of its solubulity in 
various solvents. Adulteration with acetanilid has been observed 
repeatedly. A method for the quantitative determination of 
coumarin in the presence of vanillin and acetanilid has been 
worked out by Winton and Bailey. 1 2 * 4 ) 

Alantoladone. 


/O 



The commercial hclenin, 5 * ) also known as alant camphor, is 
chemically alantolactone and is the principal constituent of the 
oil of elecampane root (from Inula fie/enium). 

Kallen 0 ) originally regarded it as alantic acid anhydride, 
whereas Bredt and Posth 7 8 ) recognized its lactone character and 
changed the name accordingly to alantolactone. 

Recrystallized from dilute alcohol, alantolactone is obtained 
in colorless, prismatic needles which melt at 76° H ) and which 

1 ) Semmler, Berl. Berichte 3S> (1906), 2856. 

2 ) Perkin, Liebig’s Annalen 157 (1871), 116. # 

s ) Ciamician and Silber, Berl. Berichte 35 (1902), 4130; 38 (1903), 4266. 

‘) Pharmaceutical |ourn. 75 (1905), 476. 

*) The name helenin is applied to no less than three different substances. 
Gerhardt [Annal. de Chim. et Phys. II. 72 (1839), 163 and 111. 12 (1844), 188; 
Liebig’s Annalen 34 (1840), 192 and 52 (1844), 389] applied the name to his 
impure alantolactone. Kallen [Berl. Berichte 8 (1873), 1506; compare also 
Kallen, Ober Aiantolacton und die Anlagerung von B/ausSure an ungesSttigte 
Lactone , Inaug.- Dissert. Rostock 1895] applied it to an impure alantolactone 
contaminated with traces of oil of elecampane. Finally, the name is also 
applied to the inulin of the elecampane root. The helenin of commerce is 
well nigh pure alantolactone. 

«) Berl. Berichte 9 (1876), 154. 

7 ) Liebig’s Annalen 285 (1895), 349. 

8 ) Most of the commercial products reveal a somewhat lower melting point. 
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possess a slight odor and taste. It sublimes when only moderately 
heated and boils at 275° with partial decomposition. Under 
10 mni. pressure it boils at 192V) Even in hot water it is but 
sparingly soluble, but readily in alcohol, ether, chloroform, glacial 
acetic acid, benzene and petroleum ether. Cold sodium carbonate 
solution does not dissolve it. When gently heated with dilute 
alkalies it dissolves forming solutions of the salts of the cor- 
responding hydroxy acid, the alantic acid, C u H. i0 OH*COOM. 
From these solutions the lactone is precipitated upon the addition 
of mineral acids. Characteristic derivatives of alantolactone are 
its monochlorhydrate, m. p. 1 17°, the monobromhydrate, m. p. 106°, 
the dichlorhydratc, m. p. 127 to 134°, and the dibromhydrate, 
m. p, 117°. 

Alantolactone is accompanied by a small amount of a sub- 
stance which Kallen designated helenin and which was later 
isolated by Sprinz 2 ) and studied more carefully by him. Because 
of the same elementary composition with alantolactone, C 1(i Ii, 0 O t ., 
and because of its chemical behavoir, Sprinz has named this 
compound /'soalantolactone. When pure it forms white prisms 
which melt at 115°, and which dissolve in benzene, ether, chloro- 
form and absolute alcohol. In contrast to the behavior of alanto- 
lactone, it crystallizes unchanged from hot soda solution. It is 
only after boiling for about 5 to 6 hours that it is changed to 
the sodium salt of /'soalantolic acid which is precipitated from 
the solution when acidulated with hydrochloric acid. When 
melted this loses water and is reconverted to /soalantolactone. 

Medicinally, alantolactone is used as internal antiseptic. 
Added to urine it prevents putrifaction even in dilutions of 
1 : 10000 . 

*) Bredt and Posth, Liebig’s Annalen 286 (1895), 349. 

4 ) Arch, der Pharm. m (1901), 201. 
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OXIDES. 

Oxides have been found in volatile oils in isolated cases 
only, those of the aliphatic series having not yet been observed. 
Of synthetic products, however, several are known. Of special 
importance is the pinol, C 10 H 1() O, which is closely related to 
to pinene. 

It is obtained as a by-product in the preparation of pinene 
nitrosochloridc. It is also formed when pinolhydrate (sobrcrol) 
is heated with dilute sulphuric acid 1 ) or terpineol dibromide with 
sodium alcoholate. 2 ) 

According to Wagner and Slawinsky, :! ) an optically active 
pinol can be obtained when hypochlorous acid is allowed to act 
on pinene and subsequent reduction of the c/s-pinolglycol-2- 
chlorhydrin, in alcoholic solution, with zinc dust. 

Pinol is a liquid which boils at 183 to 184° and possesses 
an odor resembling that of cineol and camphor. d, r 0,9455; 
n D20 o 1,47096. It is very stable toward reducing agents and can 
be distilled over sodium without decomposition. When oxidized 
with permanganate or dilute nitric acid it is converted into terebic 
acid (m. p. 175 to 176°). Inorganic acids react with pinol forming 
cineol. Bromine is added forming a dibromide which melts at 94° 
and which is suited to its identification. 

Another artificially prepared oxide is the 

1,4-Cineol which, together with terpineol, is formed when 
1,4-terpin is heated with oxalic acid. It is a liquid which boils 
at 172 to 173 c and which, unlike cineol, does not congeal when 
cooled, d 0,987 ; n 1 ,4485. 4 ) 

Prileschajew*) has succeeded in preparing the oxides of a 
number of so-called terpene alcohols, and other terpene compounds 
the properties of which are indicated in the following table: 


Wallach, Liebig’s Annalen 259 (1890), 315. 
*) Wallach, Ibidem 277 (1893), 115. 

!l ) Beit Berichte 32 (1899), 2070. 

4 ) Wallach, Liebig’s Annalen 35« (1907), 205. 
B ) Berl. Berichte 42 (1909), 4811. 
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1 

, boil, point 

■ j0° jlfl' 

d 0 o d,j,c 

n rm 0 

Geraniol 

157 to 168° 



monoxyde 

(25 mm.) 

0,9716 0,9610 

| 

1,4681 ; 

i 

Geraniol 

180 to 183° 

1 

1,0587! 1,0472 

1 

1 

dioxyde 

(25 mm.) 

1,4653 

Linalool 

95° 

l 


monoxyde 

(25 mm.) 

0,9660 0,9507 

1,4554 

Linalool 

131 to 133° 

1,0552 J 1,0423 

1 

dioxyde 

(25 mm.) 

i 

! 1,4616 

! 

Citral 

14b to 148° 


1 i 

oxyde 

(20 mm.) 

1,0091 0,9740 

j 1,4604! 

1 i 

Citronellal 

oxyde 

130 to 131° 
j (25 mm.) 

0,9437 0,9344 

j 

1,4421 

Limonene 

1113 to 114° 

| " , | 

I 1 

1 

monoxyde j 

(50 mm.) 

0,9435:0,9303 

i 

1,4693; 

j 

Limonene 

j 14b, 5 to 

i 


dioxyde 

147° (50 mm.) 

; 1,0471 ; 1,0338 

| 

1 ,4702 ! 

i 

Pinene j 

102 to 103 ” 

1 “ ‘ 


oxyde 

i (50 mm.) 

0,9812 0,9689 

1,4708 

i 

Wellnigh the only oxide which occi 


When hydrated, a glycerol, 
b. p. 205 to 207° (20 mm.) results 

When hydrated, a glycerol oxyde, 
b. p. 220° (15 mm.), m. p. 1 37 to 1 38 0 
results 

|«lo — 4,08°. Hydration yields a two- 
fold unsaturated aldehyde, 
b. p. 120 to 122° (25 mm ), m. p. of the 
scmicarbazone 138,5 e . 

When hydrated, there results a 
glycerol oxyde, b. p. 210 to 21 2° 
(25 mm.) 


to 67,5°. 

l«J D + 52,23°. Upon hydration 
there results an amorphous 
erythrol, b. p. 220° (23 mm.) 

Md — 92 Upon hydration 


Cineol. 

CH„ 


C 

, \ 

H,C CH 4 
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Cineol (eucalyptol), C 10 H jh O, is very widely distributed. It 
is the principal constituent of the oil of Eucalyptus Globulus, 
of cajeput oil, niaouli oil and of the oil of wormsecd. In varying 
amounts it has also been found in American wood turpentine oil, 
Java “lemon olie”, safran oil, oil of zedoary oil of galangal, 
ginger oil, oil of paradise grains (?), Ceylon, Bengal, Malabar and 
Kamarun cardamom oil, in the oil from the fruit of Amomum 
Mala, in matico oil, betel oil, star anise oil, in Japanese star 
anise oil, magnolia oil, kobuschi oil, boldo leaf oil, camphor oil, 
in the oil from the leaves of Lwrus Camphora, in cinnamon 
root oil, in the bark oil from Cinnamomutn Oliveri, in nikkei 
oil, in apopin oil, in laurel leaf oil, in the oil of laurel berries, 
in the leaf oil from Tetranthera polyantha var. citrata, in the 
oil of Umbellularia californica, in the bark oil of Ocotea usam- 
barensis, in kuromoji oil, in carqueja oil, in the oils of rue, 
canella alba, myrtle, cheken leaf, and pimenta, in the oils of 
Melaleuca acuminata , M. linariilolia, M. nodosa, M. thymifolia 
and M. uncinata, in the oils of Eucalyptus acmenioides, E. affinis, 
E. albens, E. amygda/ina, E. angophoroides, E. apiculata, 
E. flvucrleni, E. Behriana, E. bicolor, E. Bosistoana, E. bo- 
tryoides, E. bridgesiana, E. Cambagei, E. camphora , E. capitel- 
lata, E. carnea, E. cinerea, E. cneorifo/ia, E. conica, E. cordata, 
E. coriacca, E. corymbosa. E. crebra, E. Dawson i, E. dealbata, 
E. dumosa, E. eugenioides, E. fastigata, E. fraxinoides, E. gonio- 
calyx, E. gracilis, E. hiemastoma, E. hemilampra, E. hemiphloia, 
E. intermedia , E. lactea, E. longifolia, E. Luehmanniana, E. mac - 
rorhyncha, E. maculata, E. maculosa, E. Maideni, E. melano - 
phloia, E. melliodora, E. microcorys, E. microtheca, E. Morrisii, 
E. nigra, E. obi i qua, E. odorata, E. oleosa, E. oreades, E. ovali- 
folia, E. o. var. lanceolata, E. pa/udosa, E. paniculata, E. pen- 
dula, E. piperita, E. polyanthema, E. polybractea, E. popu/i folia, 
E. propin qua, E. pulverulenta, E. punctata, E. p. var. didyma, 
E. quadrangulata, E, radiata, E. resinifera, E. Risdoni, E. robusta, 
E. Rossei, E. rostrata, E. r. var. borealis, E. rubida, E. saligna, 
E. siderophloia, E. sideroxylon, E. s, var. pallens, E. Smithii, 
E. squamosa, E. stricta, E. Stuartiana, E. tessellaris, E. tereti- 
cornis, E. t. var. linearis, E. trachyphloia, E. umbra, E. viminalis, 
E. v. var. u virgata, E. viridis, E. vitrea, E. Wilkinsoniana and 
E. Woolsiana, in the oils from the leaves of Vitex Agnus Cast us, 
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and V. trifolia, in the oils of rosemary, lavender and spike, also 
in the oils of Uvandula dentata, L peduncu/ata, L. Stcechas, in 
sage oil, in Spanish majoran oil, in American, French and Russian 
peppermint oils, in spearmint oil, in Java- and Reunion basilicum 
oil, in the oils of Blumea balsamifera, Osmitopsis asteriscoi- 
des (?), Achillea millefolium, A. moschata, Artemisia vulgaris, 
A. frigida, A. Herba-alba, A. Leudoviciana and in yomugi oil. 

The preparation of this substance from oils, such as the oil 
of Eucalyptus Globulus rich in cincol is not difficult, since the 
cineol, purified as carefully as possible by fractional distillation, 
crystallizes in the cold. For the identification or isolation of small 
amounts of cineol, the hydrogen chloride addition product, or 
better still that with hydrogen bromide, is resorted to. Upon 
decomposition with water both yield cineol. 

As a product of molecular rearrangement, cineol results when 
terpineol, or terpin hydrate, is boiled with dilute acids. 

Pure cineol is a colorless, optically inactive liquid, the odor 
of which resembles that of camphor and which crystallizes 
in the cold. For the cineol regenerated from its chlorhydrate, 
Wallach 1 ) observed the following constants: 

B.p. 176; d 20 „ 0,9267 ; n lt 1,45839. 

In connection with products obtained on a technical scale, 
Schimmel $ Co. observed: 

Congealing point about -f 1°; m. p. between +1 and 1,5°; 
b. p. 176 to 177° (764 mm.); d 15 , 0,928 to 0,930; n J>20 .. 1,456 to 1,459; 
soluble in about 12 vol. of 50 p. c., in 4 vol. of 60 p. c. and in 
1,5 to 2 vol. of 70 p. c. alcohol. 

Cineol yields 'characteristic, loose addition products with 
bromine, iodine, chlorine and hydrogen bromide, 2 ) phosphoric 
acid, arsenic acid, «- and ^-naphthol, iodol and resorcinol. Some 
of them can be utilized for isolating and characterizing cineol. The 
resorcinol compound is also adapted to the quantitative deter- 
mination of cineol. (Compare the chapter “The examination of 
volatile oils”.) Dehydrating agents convert cineol into dipentene, 3 ) 


‘) Liebig’s Annalen 245 (1888), 195. 

*) Liebig’s Annalen 225 (1884), 300, 303 ; 280 (1885), 227 ; 246 (1888), 280. 
“) Wallach and Brass, Liebig’s Annalen 225 (1884), 310. 
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other suitable reagents convert it directly into derivatives of 
dipentcne. Thus e.g. dipentene dihydriodide results when dry 
hydrogen iodide is passed into cineol. The oxygen of the cineol 
is of the oxide type, hcncc it does not react with hydroxylamine 
or phenylhydrazine, neither does metallic sodium act on it. Hence 
cineol can be distilled without decomposition over metallic sodium. 

When oxidized with potassium permanganate and the aid 
of heat, cineol yields the dibasic cineolic acid, 1 * ) C 10 H 1 h O b , 
m. p. 196 to 197°. Acetic acid anhydride dehydrates this dibasic 
acid to its anhydride, which, in turn, upon destructive distillation 
yields methyl heptenone, C s H j4 0, which likewise occurs in nature. 

Toward reducing agents cineol is very stable. Molle'*) found 
that hydrogen iodide only will reduce it. When heated with this 
reagent for an hour in a sealed tube to 220 to 225' with the 
addition of metallic mercury as iodine binding agent, cineol yielded 
a hydrocarbon C 10 H lN (b. p. 165 to 170"; d lv> 0,8240; «„ I- 0°; 
n„ 1,45993) which Molle named cineolcne, and a polymeric hydro- 
carbon (C l0 H lfl )„. 

Cineol has a characteristic odor which usually directs 
attention to its presence in mixtures. For its ready detection 
Hirschsohn’s 3 ) iodol reaction can be employed. A small amount 
of iodol is dissolved with the aid of gentle heat in a few drops 
of the oil to be tested. If cineol be present the equimolccular 
addition product of the components crystallizes out. Recrystallized 
from alcohol or benzene this melts at about 112 0 . 4 ) 

If cineol is to be isolated as such, dry hydrogen bromide 
is passed into the well cooled petroleum ether solution (equal 
volumes) of the cineol fraction. The white crystalline precipitate 
resulting is removed by suction and washed ^vith petroleum ether. 
The hydrobromide thus obtained is fairly stable, melts at 56 to 57". 
Water readily breaks it up into cineol and hydrogen bromide. 

In the presence of a sufficient cineol content, resorcin can 
be used to adventage for its isolation, For this purpose the 

l ) Wailach and Gildemeister, Liebig’s Annalen 2445 (1888), 268. 

*) Uber die Zusammensetzung des atherischen LorbeerOfes und zur 
Kenntnis seines Hauptbestandteiis, des Cineols, Inaug.-Dissert. Basel 1904, 
p. 62. Comp, also Thoms and Molle, Arch, der Pharm. 242 (1904), 181. 

3 ) Pharm. Zeitschr. f. Russland 32 (1893), 49, 67. 

«) Bertram and Walbaum, Arch, der Pharm. 28T> (1897), 178. 

Gildkmlister, Tut volatile oils. 34 
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cincol fraction is stirred with two volumes of a 50 p. c. resorcinol 
solution. If necessary a small amount of cineol resorcinol is 
added. The resulting addition product, consisting of 1 mol. 
resorcinol and 2 mol. cineol, 1 ) is removed by suction, pressed 
between filter paper and decomposed with alkali. Cineol resorcinol 
crystallizes in needles that melt at about 80". They are readily 
soluble in alcohol, ether and benzene, but very difficultly in 
petroleum ether and water. It is relatively much more stable 
than the addition product of phosphoric acid to cineol, which is 
also used for the isolation of the latter. However, it also 
decomposes gradually with the liberation of cineol when exposed 
to the air more readily in vacuum - so that finally resorcinol 
alone remains. The same change can be observed when cineol 
resorcinol is heated with water or petroleum ether,-’) or even 
when the compound is washed with these solvents. Dry and 
well crystallized, cineolresorcinol can be obtained by crystallizing 
1 part of resorcinol from 10 parts of cincol (Baeyer and Villiger, 
!oc. cit.). 

For further characterization cineol can be oxidized with 
potassium permanganate to cincolic acid. 

Cineol possesses antiseptic properties. In medicine it finds 
external as well as internal application, the latter t*. £. as vermifuge. 
Toxic results have been observed in connection with cincol or 
eucalyptus oils only then when larger amounts were administered. 

The only other oxide found in volatile oils is the Carlina 
oxide , C ia H 1(l O f which constitutes the principal constituent of 
the carlinc thistle. It is probably phenyl-1 -«-furyl-3-allene. s ) 

B. p. 167 to 168 (20 mm); dj: 1,066; . 0°; n„ 1,586. 

When oxidized with potassiumpermanganate, it yields quanti- 
tatively benzoic acid; when reduced with sodium and alcohol, 
tctrahydrocarlina oxide, C ia h l4 0, which is oxidized by potassium 
permanganate to /-phenylbutyric acid, m. p. 52". 

x ) Baeyer and Villiger, Berl. Berichte $» (1902), 1209. 

s ) Report of Schimmel & Co. October 1807, 47. 

3 ) Semmler, Berl. Berichte 38 (1900), 726; Semmler and Ascher, Ibidem 
it (1909), 2355. 
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NITROGEN' AND SULPHUR'CONTAINING % 
COMPOUNDS. 

Compounds containing nitrogen or sulphur are frequently 
obtained during the distillation of such parts of plants which 
are rich in albuminous substances (protoplasm) or similar 
bodies, e. g. during the distillation of fresh herbs and seeds. The 
readily volatile compounds, ammonia, trimethylamine, sulphuretcd 
hydrogen and hydrocyanic acid largely escape during the process 
of distillation. Smaller amounts are dissolved in the aqueous 
distillate. Rarely do they enter into combination with constituents 
of the volatile oil in the preparation of which they are produced. 

Ammonia is produced during the distillation of many drugs, 
e.g. that of cubcbs, pepper, pimento, ginger, Sjc. Moslinger 1 ) 
found ammonia in the aqueous distillate of heracleum oil. 

Narcotic smelling bases were observed by Schimmcl $ Co. 
in connection with caraway oil and the oils of other umbelliferous 
fruits*), also in connection with patchouli oil !l ) and the oil of 
Harosma pulchellum . 4 ) 


NITRILES. 

Hydrocyanic acid. 

The principal representative of the nitriles is that of formic 
acid, viz., hydrogen cyanide, HCN. it is formed during the 
production of the oils of bitter almond and cherry laurel, but 
also occurs in the distillates of a large number of plants/’) 

*) Liebig’s Annalen 1HT» (1877), 37. 

2 ) Report of Schimmel § Co. April 190ft, 20. 

*) Ibidem April IW4, 70; April im, 60. 

*) Ibidem April 1 m, 95. 

*) Verslag omtrcnt den staat van 's lands Plantentuin te Buitemorg over 
bet jaar 18S9, 29; 1897, 37; Greshoff, Distribution of prussic acid in the 
vegetable kingdom, British Association, York 1906*, Arch, der Pharm. ‘2U 
(1906),397,665; Weehuizen, Pharm. Weekblad 48 (1906), 907; Guignard, Compt 

34* 
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According to data found in phytochernical literature the following 
plants yield hydrogen cyanide only: Hygrophorus agathomus, 
H. cerasinus (?), Maras mins oreades, Pholiota radicosa, Russula 
fd'tens, Gymnogramme aurea, species of Lastrea and Alhyrium, 
Triglochin palustris, 7. maritima, Scheuchzeria palustris, Gly~ 
curia aquatica, Sorghum halepense, S. nigrum, S. vu/gare, Stipa 
hastricina , St. hptostachya, St. tortilis, Gynerium argenteum, 
Melica a/tissima, M. ciliata, M. nutans, M. uniflora, lea Mays, 
Uriza minor, Lamarkia aurea, Holcus lanatus, Poa pratensis, 
rcstuca Poa, Arum maculatum, Alocasia Veitchii, Colocasia 
gigantca, Cyrtosperma lasioides, C Mcrkusii, l.asia aculeata, 
L Zollingeri, Salt's tiiandra (amygdalina) , Sport ia virgata, 
Aquilegia chrysantha, A. vulgaris, Thai ict rum aquilegifolium, 
Ranunculus anensis, R. reports, Nandirta domestica, Lepidium 
sativum (<), Rihes an remit, R. nr brum, Grossularia nigrum, 
Lotus arabicus, L. australis, Phascnlus lunatus, P. Mungo, 
Cicvr arietinum, Do/ichos Labial), Linum perenne, L. usita- 
tissimum, Citrus medical), Chaillvtia cymosa, firidclia ovata, 
Llateriospermum Tapos, Llevea brasi lien sis, 11. Spruceana, 
fatropha angustidens, Marti hot Hart kens is, M. Glaziovii, M. 
pal mat a, M. utihssima, Ricinus communis, Rurrimia cey/anica, 
Cupania spec., Rhamrtus frangula, Stcrculia spec., G\ nocard i a 
odorata, Hydnocarpus alpina, h. anthelminthica, LI. inebrians, 
Rigge/aria atricana, Pangium ceramense, P. edule, Rvparosa 
ausia, R. longipcdunculata, Tarahtogenos lilumei, T. Rurzri, 
Tricltadenia ceylanica, Psidium montanum (<), Combretum con- 
strictum (?), Homalium ( Blackwell ia) tomentosum, Tacsonia spec., 
T. Van-Volxemii, Modecca Wightiana, Ophiocaulon gummifer, 
Passif/ora a/ata, P. avrulca, P. edulis, P. hvtida, P. hybrida, 
P lauri folia, P. maculata, P. Princeps, P. quad rangu laris, P. 
suberosa, Iponnva obscura, Isonandra (Bassia) Mott ley an a (?), 
Payena lati folia, Merremia vitilolia, Osmohydrophora noc- 
turnal), Apfotaxis candicans, Centaur va montana, C. solstitial is, 
Py rethrum caucasicum, Dimorphoteca pluvial is, Cirsium arvense. 

rend. US (IPOD), 451; Herisscy, lourn de Phann. et Chim. VI. 24 (19(b), 350, 
537; Jitschy, Ibidem 355; Hebert, Bull. Soc. chim. III. it5 (19(b), 919; Bertrand, 
Ccunpt. rend. 148 (19(b), 832; Gmgnard, Bull, Sciences pharmacol. lit (19(b), 
8)3; Dunstan and Henry, Anna), de Chim. et Phys. 10 (1907), 118; Greshoff, 
Pharm. Weekblad 45 (1 908), 770. 
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Hydrocyanic acid and bcnzaldchydc are yielded by the follo- 
wing plants: Pteris aquilina, Panicum maximum , P. muticum, 
Ximenia americana, Amelanchicr alnifoiia , A. canadensis, A. 
vulgaris, Chanuvmeles coriacea, Crataegus oricntalis, C. oat- 
acantha, Eriobotrva japonica, Nuttaffia cerasiformis, Osteomeles 
spec., Photinia arbutifolia , P. Benthamiana, P. serrulata, P. 1,7/7- 
abilis, Pyrus americana , P. Aria, P. Aucuparia, P. Cydonia, 
P. germanica, P. japonica, P. Malus, P. mespilus, P. pinnatifida, 
P . Ringo, P. spectabilis, P. torminalis, Primus adenopoda, P. 
americana, P. Amygdalus , P. alleghaniensis, P. Armen iaca, 
P. avium, P. Besseyi, P. Capolfin, P. caroliniana, P. Cerasus, 
P. Chamaecerasus, P. divaricata, P. domestica, P. javanica, 
P. Liurocerasus, P. lusitanica, P. nana, P. occidentalis, P. Padus, 
P. paniculata, P. pendula, P. pennsylvanica, P. Puddum, P. 
serotina, P. sphurocarpa, P. spinosa, P. subhirtella, P. undulata, 
P. virginiana, P. Persica, Cotoneaster affinis, C. bad I laris, 
C. buxi folia, C. hancheti, C. frigida, C horizontalis, C inte - 
gerrima, C microphylla, C. multiflora, C panosa, C thyimv folia, 
L\ochorda Alberti, Rerria japonica, Neviusia alabamensis, 
Pygeum africanum, P. lati folium, P. parviflorum, Spiraea 
Aruncus, S. japonica, S. Rneiffii, 5. / indleyana, X pruni folia, 
S. sorbi folia, Rhodotypos kerrioides, Stranvfvsia glauccscens, 
Indigoferagalegoides, Vicia angustifolia, V. canadensis, V. hirsuta, 
U macrocarpa, V. sativa, Corynocarpus Uevigata, Schleicheria 
trijuga, Echi nocarpus Sigun, Lucurna Bon pi and ia, l. mammosa, 
l . pom if era, Memccylon spec., Iponnva dissect a, I. sinuata, 
I. vitifolia, (Jymnema latifo/ium, Sambucus nigra, Plectronia 
dicocca, Chardin ia xerantbemoides, Xeranthemum annuum, 
X. cylindricum. • 

The presence of hydrocyanic acid is ascertained in the 
ordinary manner by means of the Prussian blue test. To a small 
amount of the distillate arc added first a few drops of caustic 
soda solution and then a few drops of ferrous sulphate solution 
containing ferric salt. The mixture is once more thoroughly 
shaken and acidified with dilute hydrochloric acid. The precipitate 
of ferrous and ferric hydroxides is thus dissolved and in the 
presence of hydrocyanic acid, the characteristic blue precipitate 
of Prussian blue reveals itself. The reaction is so delicate that 
even the smallest traces of hydrocyanic acid can thus be detected. 
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For the rapid detection of hydrocyanic acid in a plant the 
observation of Mirande 1 ) can be utilized. Under the influence 
of anaesthetics, such plants as contain hydrocyanic acid in 
complex combination, set free hydrogen cyanide, the presence 
of which can be detected by means of sodium picratc paper, 5 ) 
which is colored red by hydrogen cyanide. 

For the quantitative determination of hydrogen cyanide sec 
the chapter on "The examination of volatile oils". 

Hydrogen cyanide does not occur as such in most plants 
but is contained in them in the form of a glucoside, of which 
amygdalin is the most common. 

In plants amygdalin is accompanied by the ferment emulsin, 
which, in the presence of water, hydrolyses the glucoside to 
bcnzaldehyde, glucose and hydrogen cyanide: 

CgftFL-NO,, -I- 2H,,0” C„H ft -CHO I HCM j 2C„H I9 0„. 

In recent years much attention has been directed to amyg- 
dalin and its hydrolysis by means of emulsin. The rather compli- 
cated relationship cannot here be discussed. Suffice it to refer 
to the original literature on this subject.*) 

In addition to amygdalin a number of other glucosides are 
known which upon hydrolysis yield hydrogen cyanide, viz.: coryno- 
carpin, dhurrin, gynocardin, lauroccrasin, linamarin (— phasc- 
olunatin(?), lotusin, manihotoxin, prulaurasin, sambunigrin and 
vicianin. 

Other nitriles occurring in volatile oils are those of phenyl- 
acetic acid, of phcnylpropionic acid and of vinylacetic acid. 

‘) Compt. rend. 146 (1909), 140. 

") Guignard, Ibidem 142 (1906), 552. 

:l ) Van Rijn, Die Glycoside. Berlin 1900; Walker, joum. chem. Soc. 
(1903), 472; Dakin, Journ. chem. Soc. N5 (1904), 1512; Bourquelot and Herissey, 
lourn. dc Pharm. et Chim. VI. 26 (1907), 5; Caldwell and Courtauld, Joum. 
chem, Soc. 61 (1907), 666, 671; hdrissey, Joum. de Pharm. et Chim. VI. 26 
(1907), t94, 198; Arch, der Pharm. 247* (1907), 638, 641 ; Feist, Ibidem 246 (1908), 
206, 509; Rosenthaler, Ibidem 365; Auld, Journ. chem. Soc. #3 (1908), 1251, 
1276; Rosenthaler, Arch, der Pharm. 246 (1908), 710; Biochem. Zeitschr. 14 
(1908), 238; 17 (1909), 257; Auld, Journ. chem. Soc. 65 (1909), 927; Feist, 
Arch, der Pharm. 247 (1909), 226, 542; Bourquelot, Journ. de Pharm. et Chim. 
VI. 21) (1909), 576; Tutin, Journ. chem. Soc. 63 (1909), 663; Walker and Krieble, 
Ibidem 1369, 1437. 
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Phenylaceticacid nitrile, Benzyl cyanide, C l H ( CH f CN, 
according to A. W. Hofmann, is the principal constituent of the 
oil of Tropaeolum majus ;*) also of that of Lepidium sativum.*) 
It is probably also contained in neroli oil. 

Gadamer*) has since shown that the observations of Hofmann * 
with regard to Tropxolum majus are only conditionally true. 
When properly distilled, this plant yields benzyl mustard oil. 
The formation of benzyl cyanide is due to improper mothods. 
(For further details see the oil of Tropaeofum majus.) 

Benzyl cyanide boils at 231 to 232° and at 18“ has a specific 
gravity of 1,0146. When hydrolysed it yields phcnylacetic acid, 
m. p. 77°. 

Phenylpropionic acid nitrile, C (1 H fl CH 2 CH s CN, is the 
principal constituent of water cress oil (Nasturtium officinale).*) 
It boils at 261 1 * 3 4 and when acted upon by alkali is converted into 
phenylpropionic acid which melts at 47°. 

Vinylacetic acid(Crotonic acid) nitrile, Ally I cyanide, 
CH 2 :CHCH.,CN, traces of which arc always found in mustard 
oil, can be obtained in larger amounts by careless distillation 
as decomposition product from allyl /sothiocyanide. In as much 
as allyl cyanide is light (d lw „ 0,835), the presence of larger amounts 
of this substance would be revealed by a depression of the specific 
gravity of the mustard oil. 


NITRO COMPOUNDS. 

Nitrobenzene . 

CANO,. 

This compound, also known as oil of mirbane, which is 
prepared in large quantities, principally for the dye stuff industry, 
is also used in perfumery as a cheap substitute for oil of bitter 

l ) Bert. Berichte 7 (1874), 518. 

*) Ibidem 1293. 

3 ) Arch, der Pharm. 287 (1899), 111. 

4 ) A. W. Hofmann, loc. cit. 520. 
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For the rapid detection of hydrocyanic acid in a plant the 
observation of Mirande 1 ) can be utilized. Under the influence 
of anaesthetics, such plants as contain hydrocyanic acid in 
complex combination, set free hydrogen cyanide, the presence 
of which can be detected by means of sodium picratc paper, 5 ) 
which is colored red by hydrogen cyanide. 

For the quantitative determination of hydrogen cyanide sec 
the chapter on "The examination of volatile oils". 

Hydrogen cyanide does not occur as such in most plants 
but is contained in them in the form of a glucoside, of which 
amygdalin is the most common. 

In plants amygdalin is accompanied by the ferment emulsin, 
which, in the presence of water, hydrolyses the glucoside to 
bcnzaldehyde, glucose and hydrogen cyanide: 

CgftFL-NO,, -I- 2H,,0” C„H ft -CHO I HCM j 2C„H I9 0„. 

In recent years much attention has been directed to amyg- 
dalin and its hydrolysis by means of emulsin. The rather compli- 
cated relationship cannot here be discussed. Suffice it to refer 
to the original literature on this subject.*) 

In addition to amygdalin a number of other glucosides are 
known which upon hydrolysis yield hydrogen cyanide, viz.: coryno- 
carpin, dhurrin, gynocardin, lauroccrasin, linamarin (— phasc- 
olunatin(?), lotusin, manihotoxin, prulaurasin, sambunigrin and 
vicianin. 

Other nitriles occurring in volatile oils are those of phenyl- 
acetic acid, of phcnylpropionic acid and of vinylacetic acid. 

‘) Compt. rend. 146 (1909), 140. 

") Guignard, Ibidem 142 (1906), 552. 

:l ) Van Rijn, Die Glycoside. Berlin 1900; Walker, joum. chem. Soc. 
(1903), 472; Dakin, Journ. chem. Soc. N5 (1904), 1512; Bourquelot and Herissey, 
lourn. dc Pharm. et Chim. VI. 26 (1907), 5; Caldwell and Courtauld, Joum. 
chem, Soc. 61 (1907), 666, 671; hdrissey, Joum. de Pharm. et Chim. VI. 26 
(1907), t94, 198; Arch, der Pharm. 247* (1907), 638, 641 ; Feist, Ibidem 246 (1908), 
206, 509; Rosenthaler, Ibidem 365; Auld, Journ. chem. Soc. #3 (1908), 1251, 
1276; Rosenthaler, Arch, der Pharm. 246 (1908), 710; Biochem. Zeitschr. 14 
(1908), 238; 17 (1909), 257; Auld, Journ. chem. Soc. 65 (1909), 927; Feist, 
Arch, der Pharm. 247 (1909), 226, 542; Bourquelot, Journ. de Pharm. et Chim. 
VI. 21) (1909), 576; Tutin, Journ. chem. Soc. 63 (1909), 663; Walker and Krieble, 
Ibidem 1369, 1437. 
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hot water or alcohol with a dark green color. The first of these 
two tests is the more delicate one. 

Nitrobenzene is a strong poison. Cases arc known when 20, 
or even 7 to 8 drops have proven fatal. 1 ) Contact of nitro- 
benzene with the skin can also prove dangerous. 

Artificial musk. 

Natural musk owes its odor to a ketone, muscone, which 
is contained in the natural product to the extent of from 0,5 
to 2° n. As to its chemical composition only this much is known 
that cither the formula C 1: ,H 2M 0 or C l# H M 0 applies to it.-) 
Muscone is a dark, colorless oil, which is but sparingly soluble 
in water, soluble in alcohol in all proportions. It has a strong, 
very agrcable, pure musk odor, which, in a concentrated condition, 
reminds of the fragrance of dried pine needles. In great dilution 
it is particularly agreablc. Like iononc it possesses the property 
to fatigue the nerves very readily. Hence it is possible to 
recognize the musk odor of the muscone for a short time only. 
It boils at 142 to 143" (2 mm.) and at 327 to 330° (752 mm.). 
Under the latter conditions partial decomposition appears to take 
place. Of muscone derivatives there are known the oxime, 
which crystallizes in needles that melt at 46', and the scmicar- 
bazone, which crystallizes from alcohol in fine, white prisms 
that melt at 133 to 134 ’. Both compounds arc odorless. From 
the semicarbazonc the muscone can be liberated by means of 
dilute sulphuric acid. 

The socalled artificial musk, however, is something very 
different. The only similarity between datura! and socalled 
artificial musk is that of odor, such as is observed not infrequently, 
e. g. between nitrobenzene and bitter almond oil. In both instances 
the substitute is very different chemically from the original product 
and reproduces the odor only to a certain degree. At the present 
time there arc found in the market a considerable number of 
“artificial musks”. Most of these arc highly nitrated tertiary 
butyl toluenes and tertiary butylxylenes or stand in close relation 

’) Kobert, Lehrbuch der Intoxikationen, vol. II, p. 799. Stuttgart 1906. 

a ) Walbaum, )ourn. f. prakt. Chem. II. "51 (1906), 488; comp, also Report 
of Schimmel $ Co. April 1M6, 93. 
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to these nitrocompounds. Characteristic for these compounds 
is the tertiary butyl group. If other alkyl radicles take its place, 
the compounds resulting have either only a faint musk-like odor, 
or none at all.') Those compounds containing three nitro groups 
are characterized by a strong musk-like odor. However, the 
strength of the musk odor is not interfered with if one of these 
nitro groups is replaced by a cyanogen or aldehyde group or 
by halogen or an acid radicle. With reference to these groups 
the artificial musks arc distinguished as cyanide musk, aldehyde 
musk, halogen musk and ketone musk. The most important of 
these compounds are here described briefly. 

Trinit ro-tert.-butylto/uenc, C n H • CH ;{ • C (CH i{ ). { • (NO s )„ , is of 
special interest since it is the first musk-like smelling-substance 
which was placed upon the market as “Tonquinol” and “Muse 
Baur”. It is obtained by condensation of /sobutyl chloride and 
toluene with the aid of aluminium chloride and subsequent nitra- 
tion of the butyl toluene. During the condensation a rearrange- 
ment of the /sobutyl to the tertiary butyl group takes place. It is 
adventageous to purify the hydrocarbon carefully before nitrating 
it. Trinitrobutyl benzene crystallizes from alcohol in yellowish- 
white needles, which melt at 96 to 97 . 

Trin it ro-tert. -butyl xylene, C n (CH :i ),-C(CH ;{ ). i -(NO,) ;1 , is pre- 
pared in like manner. It crystallizes in white needles that 
melt at at 110°. 

Trinitro-tert.-butylethylbenzene, C„ H • C, H, ■ C(CH s ) a • (N0 2 ) 8 , 
is readily soluble in alcohol and hence cannot readily be ob- 
tained in a crystalline condition. 

Dinitro-tertrbutylxylene iodide, C„I(CH 8 ) s C(CH 3 ) 3 (N0 2 ) 2 , 
results when tcrt.-butylxylcne iodide is nitrated. It forms yellow 
crystals that melt at 105". 

Dinitro-tert.-butylxylene cyanide, C fl (CH 3 ).,CN C(CH # ) s (N0 2 ) 2 , 
cyanide musk. Prismatic crystals that melt at HO 0 . 2 ) 


’) Comp. Baur, Berl. Berichte 21 (1891), 2832; 81 (1898), 1344; Baur and 
Blschler, Ibidem 82 (1899), 3647. 

*) Baur-Thurgau, Berl. Berichte 38 (1900), 2567. 
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Dinitro-tert.-butylxylene aldehyde , C fl (CH g ) 4 C(CH H ) 8 -(N0 8 ) 4 
CHO, aldehyde musk, is soluble in alcohol and benzene and 
crystallizes from ligroin in plate-like, faintly yellowish crystals 
that melt at 112°. 

Ketone musk is obtained by condensation of the correspon- 
ding acid chloride with tcrt.-butyltoluene or xylene in the presence 
of aluminium chloride and subsequent nitration of the conden- 
sation product. Baur 1 ) has prepared the following represen- 
tatives of this class. 

Dinitroaceto-tert.-butyftoluene, C () H ■ C H 3 C (CH g ) 8 • (N0 4 ) 8 C0 
or methyldinitrobutyltolyl ketone, broad needles that 
melts at 131 . 


Dinitroaccto-tert.-butylxylenc, C (l (CH ;t )., ■ C(CH it ) :t ■ (NO.,),, • CO 
•Cl!,, m. p. 136 ; soluble in alcohol, ether, benzene, 8jC., more 
difficultly in ligroin and 60 p. c. acetic acid. 

Dinitrobutyryl-tert.-butylxylene, C,.(CH :1 ) 4 • C(CH !{ ) 3 • (NO,) 2 
•CO QH., is the butyryl ketone of dinitro-tert.-butylxylene, and 
melts at 128 . 

Di nitro vaieryl- tert. -butyl xylene , C fl (CH S ), ■ C(CH S )., ■ (NO.,)* 
•COC 4 H„, when crystallized from alcohol, is obtained as long, 
faintly yellowish needles that melt at 151. 

In addition to those enumerated above, other substances with 
a musk-like odor are to be found in the market. Moreover, mixtures 
of these are likewise found, for upon careful fractional crystal- 
lization compounds with different melting points are obtained. 

Artificial musk is insoluble in water and, as a rule, is but 
difficultly soluble in alcohol. For the preparation of relatively 
concentrated solutions that are durable, cinnameine and benzyl 
benzoate have been recommended. According to Koehler, 8 ) the 
latter solvent when gently heated dissolves as much as 20 p. c. 
of musk “Baur” and retains it in solution at + 10’. Neither 
does the addition of absolute alcohol cause precipitation. With 

*) Baur-Thurgau, Berl. Berichte SI (1898), 1344. 

*) Pharm. Ztg. 4» (1904), 1083. 
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cinnamein, Mann 1 ) claims even to have obtained a 50 p. c. solution. 
According to Schimmel $ Co.,-) both solvents possess much the 
same solvent capacity, but benzyl benzoate appears to be a some- 
what better solvent than cinnamein. Much, naturally, depends 
on the musk product dissolved. 

Artificial musk is frequently adulterated with acetanilide. 
Formerly products of “Musk Baur” were placed upon the market 
which according to statements of the manufacturer contained up 
to 90 p. c. of antifcbrinc. Adulterations with cinnamic acid have 
also been observed. These added substances can be separated 
from the musk by means of hot water. Others are recognized 
by means of their solubility in alcohol in which solvent most 
artificial musk preparations are rather difficultly soluble. Anti- 
febrine can be identified by means of the /sonitrile and acetic 
acid reactions. 


AMIDO AND IMINO DERIVATIVES. 

Inclol. 

CH 


HC 

C 

CH 

HC 

c 

CH 


cVi m 


Indol has long been known to occur in the animal organism 
as a product of intestinal digestion. It has also been produced 
artificially for some time, but it is only recently that its occur- 
rence in the vegetable kingdom has been established: first by 
Hesse ,l ) who found it in the oil obtained from jasmine flowers. 
Since then it has been found in neroli oil, also in the wood of 

') Seifensieder Ztg. (1905), 112; Report of Schimmel $ Co. April 
m\ ii7. 

: ) Report of Schimmel ft Co. April 118. 

8 ) Berl. Berichte .‘12 (1899), 2612. 
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the trunk of Celtis reticulosa. 1 ) By means of color reactions 
its presence has likewise been established in the flowers of 
Caladium species, Murraya exotica and Visnea Mocanera. 

Indol consists of shiny white laminae, which, however, soon 
assume a dark color under the influence of light and air. They 
melt at 52", b. p. 253 to 254" (corr.). It is readily soluble in 
hot water and is volatile with water vapor. The common com- 
mercial article has an exceedingly disagreable, fecal odor. It 
is only when carefully purified that a product is obtained the 
odor of which is not decidedly disagreable and which when 
properly diluted reveals a floral odor. 

Solutions of oxalic acid-) and of /)-dimcthylaminobcnz- 
aldehydc 8 ) are colored red by indol. 

When an ethereal solution of indol is shaken with an aqueous 
alcoholic solution of sodium acid sulphite a hydrosulphonate 
results which crystallizes from methyl alcohol in white laminae 
with a silky lustre. 1 ) 

I 'or the isolation of indol, the picrate, crystallizing in long, 
red, shiny needles, is best suited. For the identification and 
quantitative determination of indol, Hesse*) gives the following 
directions: 

To the crude floral oil about 10 p. c. of picric acid are added. 
The mixture is heated to from 50 to 60 until the precipitate, 
first formed on the addition of the picric acid, is dissolved. To 
the cooled solution, from which an abundant precipitate of indol 
picrate has separated, a large excess of petroleum ether is added. 
The crystalline precipitate, consisting of indol picrate and the 
larger amount of uncombined picric acid, and which is colored 
more or less red in accordance with its iadol picrate content, is 

') Merter, Joum. biol. Chem. 5 <1909), 489. According to Apotheker Ztg. 
‘24 (1909), 885. 

: ) Borzi, Rendiconti della R. Accad. dei t.incei to (1904), 372; Verschaffelt, 
Rec. trav. bot. Neerland. 1 (1904). Comp, also Report of Schimmel S| Co. 
October 1905, 123. 

s ) Weehuizen, Pharm. Weekblad 45 (1908), 1325; Steensma, Zeitschr. f. 
physiol. Chem. 47 (1906), 15; Gautier and Noyer, Compt. rend. Soc. biol. 
December 19 th 1908; abstract in Bull. Soc. chim. IV. 5 (1909), 256. Comp, 
also Report of Schimmel ft Co. April UKM), 140 and October IWW, 213. 

4 ) Hesse, toe. cit. 2615. 

•) Luc. cit 2612. 
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removed by filtration and repeatedly washed with petroleum ether. 
The crystals thus purified are dissolved in ammonia or soda 
solution with the aid of gentle heat Upon cooling the solution 
is shaken out with ether, and the ethereal residue distilled with 
water vapor. Thus the total indol of the floral oil is obtained in 
an almost pure state. 

Skatol. 

CH 

HC"^ C C-CH, 

HC \ -c CH 

CH NH 

Skatol, jj-methylindol, has thus far been found in civet and 
in the wood of Ccltis reticuhsa, also in a wood l ) obtained from 
German East Africa. It crystallizes in white laminae which melt 
at 95 f and boil at 265 to 266° and which possess a strong fecal 
odor. The hydrochloride, 2C J ,H 1) N-HC1, melts at 167 to 168°. 
The picrate crystallizes from benzene in dark red, shiny needles, 
m. p. 172 to 173 .*) The solution of /;-dimethylaminobenzaldehyde 
is colored blue by skatol. 11 ) Like indol, skatol is used in the 
preparation of artificial floral perfumes. 

Anth rani lie acid methyl ester. 



CH 

HC 

N CH 

HC 

- c nh 2 


C-COO-CH, 


J ) Report of Schimmel $ Co. April 1908, 79. 

*1 Observations made in the laboratory of Schimmel $ Co. 
a ) Weehuizen, Pharm. Weekblad 45 (1908), 1325; Steensma, Zeitschr. f. 
physiol. Chem. 47 (1906), 25; Gautier and Noyer, Compt rend. Soc. biol. 
December 19 th 1908; abstr. in Bull. Soc. chim. IV. 5 (1909), 256. Comp, also 
Repoit of Schimmel £i Co. April 1909, 140; October 1909, 213. 
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Among the basic constituents of volatile oils the methyl 
ester of anthranilic acid should be mentioned. It was discovered 
in 1895 by Walbaum in neroli oil and has since been found in 
the oils of tuberose, champaca flowers (?), ylang-ylang, Spanish 
orange blossoms, sweet orange rind, West Indian limette (?), ber- 
gamot leaves, jasmin flowers, and gardenia, judging from the 
odor, this ester is likewise contained in the flowers of Ijthyrus 
odorata, Robinia Pseudo-Acacia, Philadelphus Coronarius and 
of several species of apples. Artificially it is readily obtained 
by passing hydrogen chloride into the mcthylalcoholic solution 
of anthranilic acid. 

The methyl ester of anthranilic acid forms large crystals 
with numerous faces. Both crystals and solution, especially the 
alcoholic solution, reveal a beautiful fluorescence. Molten, it 
remains liquid for a long time, even at low temperature. The 
odor of the ester as such is not especially agreable, but cha- 
racteristic. Diluted, it reminds of the odor of orange blossoms. 
The constants of the compound isolated from neroli oil are: 

Congealing point 24"; m. p. 24 to 25°; b. p. 132° (14 mm.); 
d, a . 1,168 (in the supercooled condition). 1 ). 

The ester is readily soluble in alcohol, ether and dilute 
inorganic acids, fairly readily in water and is volatile with 
water vapor. 

Of its derivatives the following should be mentioned. The 
picratc crystallizes in yellow needles that melt at 103,5 to 104°.“) 
The thiophcnyl ketotetrahydroquinazoline results quantitatively 
when anthranilic acid methylester is heated with phenyl mustard 
oil to from 100 to 120". This compound is readily soluble in 
caustic soda solution, very difficultly in alcohol. It melts above 
300° but sublimes at 160 to 170°. 

From volatile oils the ester can readily be separated by 
shaking with dilute sulphuric acid. The sulphate crystallizes 
out in the cold, can be purified by recrystallization from alcohol, 
and is decomposed by means of soda. 8 ) 

‘) Walbaum, Journ. f. prakt. Chem. II. 59 (1899), 352. 

s ) Freundler, Bull. Soc. chim. III. 81 (1904), 882. In the laboratory of 
Schimmel $ Co. 105 to 106° were observed. 

s ) Walbaum, Loc. c/t. 
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Hesse and Zeitschel 1 ) utilized the sulphate for the quan- 
titative determination of the ester. They proceeded according to 
the following method: 

About 25 g. of the oil to be examined are dissolved in twice 
or thrice the amount of dry ether. In a freezing mixture the 
temperature is reduced to at least 0 r . Amidst constant stirring a 
solution of 1 vol. of concentrated sulphuric acid in 5 vols. of ether 
is added drop by drop until no further precipitate is produced. 
The precipitate is collected on a filter and washed with dry ether 
until it is odorless. It is then dissolved in water, if necessary 
with the aid of alcohol, and, without previous filtration,-) is tritated 
with half normal caustic alkali. If for s grams of oil a ccm. of 
alkali arc used, the percentage of ester in the oil equals 

3,775 

s 

To the solution an excess of half normal alkali is now added 
and the mixture heated on a water bath for half an hour. The 
amount of alkali not used for saponification is titrated back with 
half normal sulphuric acid. The percentage of ester is com- 
puted according to the following formula: 

b • 7,55 
s 

in which b represents the amount of half normal alkali used for 
saponification, a should be again as large as b. 

This method not only determines anthranilic acid methyl 
ester, but other basic substances as well (methylanthranilic acid 
methyl ester). In order to avoid this, E. Erdmann 3 ) has suggested 
another method in Which he utilizes the property of the ester as 
primary base to form azodyes. The ester is shaken out of the 
oil with either dilute sulphuric or dilute hydrochloric acid; the 
acid solution is diazotized with a 5 p. c. solution of sodium nitrite, 
and titrated with an alkaline solution of ; >-naphthol (0,5 g. ,*■ 
naphthol in a solution of 0,5 g. of caustic soda and 15 g. 
sodium carbonate in 150 ccm. of water). The insoluble dyestuff 

‘) Berl. Berichte 84 (1901), 290. 

'*) Hesse and Zeitschel, )oum. f. prakt. Chem. II. Ct (1901), 246, footnote. 

3 ) Berl. Berichte to (1902), 24. 
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is precipitated and the end of the reaction ascertained by testing 
a drop removed from time to time. According to Hesse and 
Zeitschcl, 1 ) the method of Erdmann suffers from the fact that 
the isolation of the ester is not a quantitative one. In order to 
obtain satisfactory results the ester should be isolated as sulphate 
as described above. For the rest either the one or the other 
method can be followed. If anthranilic acid methyl ester and 
mcthylanthranilic acid methyl ester arc to be determined side 
by side it is advisable to combine both methods. 

Methylanthranilic acid methyl ester. 

CH 

HC' CH 

HC CNH-CH, 


CCOOCH.J 

Methylanthranilic acid methyl ester occurs in mandarin oil, 
also in mandarin leaf oil and possibly also in oil of rue. Like the 
anthranilic acid methyl ester, it shows a blue fluorescence, as 
such as well as in solution. The constants of the ester isolated 
from mandarin oil arc as follows: 

M. p. 18,5 to 19,5 ; b. p. 130 to 131 (13 mm.); d w 1,120.-) 

In connection with a synthetic product containing 98 p. c. 
of ester, Schimmel § Co. observed the follpwing constants: 

Congealing point 17, 8 r ; m. p. 18 ; d >j(( 1,1238; i 0 ; 
n,,,,, 1,57963; soluble in 10 vol. of 70 p. c. and in 3 vol. of 
80 p. c. alcohol. 

For further characterization the saponification products can 
be utilized. Mcthylanthranilic acid crystallizes from alcohol in 
white prisms which melt at 179 and which reveal a blue 
fluorescence in solution. 

*) Bert. Berichte *> (1902), 2355. 

*) Walbaum, Journ. f. prakt. Chem. II. 02 (1900), 136. 

ClLOIMnSTI K, THF VOLATILF OHS. 
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SULPHIDES. 

Sulphuretted hydrogen, H 2 S, is frequently observed during 
the distillation of seeds, e. g. anise and particularly of caraway. 
Small amounts of carbon disulphide, CS 2 , are contained in the 
oil of black mustard. Both products presumably result as products 
of decomposition. 

Dimethyl sulphide, (CH,,),S, b. p. 37", has been found in 
American peppermint oil, also in Reunion and African oils of 
geranium. 1 ) Traces of a mercaptan have been found in the oil 
of Allium ursinum, whereas the bulk of this oil consists of vinyl 
sulphide, (C,H.,) 2 S, (b. p. 101°; d 0,91 25) and its higher sulphides. 
Other unsaturated sulphides and polysulphides, among them pre- 
sumably ally! disulphide, (G,H R ) 2 S„, and allylpropyl disulphide, 
C,H ft 'C,H 7 -S 2 , occur together with other sulphur compounds in 
the oils of garlic, onion and asafetida. 

All of these compounds are characterized by a most dis- 
agreable, penetrating odor. In the plants they are said to be 
contained in part, in combination as glucosidcs. 

In this connection attention should be directed to HartwichV) 
list of plants in which the presence of sulphur-containing volatile 
oils has been demonstrated or inferred because of their odor. 

MUSTARD OILS. 

The esters of /'sothiocyanic acid, characterized by their 
penetrating odor, and commonly known as mustard oils, constitute 
a special group of sulphur compounds. Their typical represen- 
tative is the common allyl mustard oil. 

Is othiocyanallyl. 

CSN*CH.,*CH:CH a . 

/sothiocyanallyl, allyl mustard oil or commonly mustard oil, 
constitutes the bulk of the volatile oil of mustard. It has also 
been obtained from the following plants: Alliaria officinalis, 
Capse/la Bursa pastoris, species of Cardamine and Sisymbrium, 
Cochlearia Armoracia and Thlaspi arvense. 

') Report of Schimmel Si Co. April UHW, 55. 

*) Apotheker Ztg. 17 (1902), 339. 
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Neither in the mustard seed nor in the other plants mentioned 
does' the mustard oil occur as such but in the form of a glucoside 
known as sinigrin (myronate of potassium), which in the presence 
of the ferment myrosin and water, is hydrolized to mustard oil, 
(/-glucose and potassium acid sulphate: 

C 10 H lfl NS 2 KO 9 H,0 - CSNC :1 H 5 + C„H J2 O fl 4- KHSO,. 

However, side reactions also take place which account for 
the presence of cyanallyl and carbon disulphide, two substances 
that are never completely wanting in natural mustard oil. 

Above 70 myrosin is decomposed and becomes inactive as 
ferment. At a temperature of 0 r traces of rhodan allyl, CNSQH,/) 
isomeric with allyl mustard oil, are also formed. Of interest is 
also the observation made by Guignard-) that mustard oil is set 
free when the plants are subjected to the vapors of mercury, 
carbon disulphide or anaesthetics. 

Chemically, mustard oil is obtained by the distillation of allyl- 
iodidc or allylbromide with an alcoholic solution of potassium 
rhodanate, or by the dry distillation of this salt with the equivalent 
amount of a salt of allylsulphuric acid. Under the influence of 
the heat an inversion of this cyanate or rhodanate group to the 
/sothiocynate group takes place. 

/sothiocyan allyl is a colorless oil which gradually turns 
yellow. It is optically inactive and possesses a very penetrating 
odor causing the flow of tears. Applied to the skin, it produces 
a burning sensation and causes blistering. The vapors are 
particularly harmful to the lungs. It is soluble in 8 vol. of 70 p. c. 
alcohol and is miscible in all proportions with 90 p. c. alcohol, like- 
wise with ether, amyl alcohol, chloroform, benzene and petroleum 
ether. In water it is but sparingly soluble. 

B. p. 150,7° (728,9 mm.); d lflr 1,0173.*) 

According to observations made on technical products in the 
laboratory of Schimmcl 8| Co., synthetic mustard oil possesses 
the following properties: 

B. p. (the bulk of the oil) 151 to 153 (760 mm.), 30,2° (5 mm.); 
d ia o 1,020 to 1,025; n 1)2ft . 1,527 to 1,530. 

*) E. Schmidt, Berl. Berichte 10 (1877), 187. 

*) Compt. rend. 149 (1909), 91. 

») Kopp, Liebig’s Annalen OH (1856), 375. 

35* 
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When small amounts of mustard oil arc mixed with twice 
their volume of concentrated sulphuric acid a violent evolution 
of carbon oxysulphidc 1 ) and sulphur dioxide'-) takes place and allyl- 
amine sulphate, C.,H. i I s IH > ,-H 2 SO i , is formed. This remains in 
the test tube as a clear, slightly colored liquid, or occasionally 
congeals. As an unsaturated compound, mustard oil adds bromine 
with the formation of an oily dibromide, CSN-QH.Br,, which 
is volatile with water vapors. 

For the identification of mustard oil, allylthiourca (thiosin- 

■ , ,o NHC - H " 

amine), CS , is particularly suited. It crystallizes in 

rhombic prisms that melt at 74 r , has a faint leek-like odor and 
taste, and is readily soluble in water, alcohol and ether. The 
compound results when an excess of ammonia and some alcohol 
are added to mustard oil. The reaction is accelerated by gentle 
heat. For the quantitative determination of mustard oil, see the 
chapter on “The examination of volatile oils”. 

Exposed to light, mustard oil gradually acquires a reddish- 
brown color and the bottle is coated with a dirty orange-yellow 
film containing carbon, nitrogen, hydrogen and sulphur. 

Prolonged contact with water or with heavy metals, such 
as copper, silver, tin, mercury, causes decomposition of the 
mustard oil with formation of cyanallyl. The metals combine 
with the sulphur to sulphides. Ethyl alcohol also gradually causes 
a change forming a partially sulphuretted allylurethanc: 

MHC, H. 

CSN • C., - b C 3 H. OH CS 

OC, Fl- 
it is because of this reaction that spirit of mustard gradually 
looses its therapeutic action. 

The source of the carbon disulphide always found in mustard 
oil, even in the artificial product, has not yet been definitely 
ascertained. Experiments have shown 3 ) that, whereas boiling of 
mustard oil with water in a flask connected with a reflux condenser 
for an hour does not yield carbon disulphide, appreciable amounts 

! ) A. W. Hofmann, Bed. Berichte 1 (1868), 182. 

') Fluckiger, Arch, der Pharm. 1!N$ (1871), 214. 

3 ) Gadamer, Arch, der Pharm. (1897), 53. 
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of this substance, together with carbon dioxide, are produced 
when mustard oil and water are heated in a sealed tube under 
pressure for several hours to a temperature of 100 to 105°. It 
may be assumed that in the nascent state mustard oil possesses 
a greater capacity for reaction and that under such conditions 
it reacts with water according to the following equation. 

2CSNQH, + 2H,0 - 2C ;I H,MH, 4- CO, 4- CS,. 

Carbon disulphide is also formed when mustard oil is allowed 
to remain in prolonged contact with water at ordinary temperature. 

Of other mustard oils the following may be briefly described 
in this connection. 

hothiocyanpropenyl, CSN ■ CH : CH • CH.,. According to 
Pomeran/, 1 ) traces of this occur in mustard oils. He assumes 
to have established its presence in artificial mustard oil by 
having identified acetic acid as well as formic acid among the 
oxidation products. 

Secondary butyl mustard oil \ CSN ■ CH(CH :l ) • CH, - CH.„ 
the /sothiocyanatc of secondary butyl alcohol, is the principal 
constituent of the oil of Cochlearia officinalis, and has been 
isolated from the oil of the herb of Cardamine amara, This 
mustard oil likewise does not occur as such, but in the form 
of a glucoside known as glucocochlearin.-) 

Secondary butyl mustard oil is an optically active, colorless 
liquid possessing the characteristic odor of cochlearia oil. 

B. p. 159,5 ; d 14 . 0,944.") 

Heated with ammonia to 100' it yields a thiourea which 
melts at 135 to 136 and which is optically active. In alcoholic 
solution, the oil gradually looses its original pungency. Presumably 
a partially sulphuretted urea is formed as in the case of allyl 
mustard oil. 

The commercial “artificial oil of spoon wort” is /sobutyl mustard 
oil, CSN-CH 2 CH-(CH a ) 2 , hence not identical with the natural 
product. It boils at 162" and yields a thiourea melting at93,5\ 

*) Liebig's Annalen 3®l (1907), 354. 

2 ) Ter Meulen, Recueil des trav. chim. des P.-B. 24 (1905), 444. According 
to Chem. Zentralbl. 1M®, 11. 1255. 

!l ) A. W. Hofmann, Berl. Berichte 7 (1874), 513. 
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When small amounts of mustard oil arc mixed with twice 
their volume of concentrated sulphuric acid a violent evolution 
of carbon oxysulphidc 1 ) and sulphur dioxide'-) takes place and allyl- 
amine sulphate, C.,H. i I s IH > ,-H 2 SO i , is formed. This remains in 
the test tube as a clear, slightly colored liquid, or occasionally 
congeals. As an unsaturated compound, mustard oil adds bromine 
with the formation of an oily dibromide, CSN-QH.Br,, which 
is volatile with water vapors. 

For the identification of mustard oil, allylthiourca (thiosin- 

■ , ,o NHC - H " 

amine), CS , is particularly suited. It crystallizes in 

rhombic prisms that melt at 74 r , has a faint leek-like odor and 
taste, and is readily soluble in water, alcohol and ether. The 
compound results when an excess of ammonia and some alcohol 
are added to mustard oil. The reaction is accelerated by gentle 
heat. For the quantitative determination of mustard oil, see the 
chapter on “The examination of volatile oils”. 

Exposed to light, mustard oil gradually acquires a reddish- 
brown color and the bottle is coated with a dirty orange-yellow 
film containing carbon, nitrogen, hydrogen and sulphur. 

Prolonged contact with water or with heavy metals, such 
as copper, silver, tin, mercury, causes decomposition of the 
mustard oil with formation of cyanallyl. The metals combine 
with the sulphur to sulphides. Ethyl alcohol also gradually causes 
a change forming a partially sulphuretted allylurethanc: 

MHC, H. 

CSN • C., - b C 3 H. OH CS 

OC, Fl- 
it is because of this reaction that spirit of mustard gradually 
looses its therapeutic action. 

The source of the carbon disulphide always found in mustard 
oil, even in the artificial product, has not yet been definitely 
ascertained. Experiments have shown 3 ) that, whereas boiling of 
mustard oil with water in a flask connected with a reflux condenser 
for an hour does not yield carbon disulphide, appreciable amounts 

! ) A. W. Hofmann, Bed. Berichte 1 (1868), 182. 

') Fluckiger, Arch, der Pharm. 1!N$ (1871), 214. 

3 ) Gadamer, Arch, der Pharm. (1897), 53. 
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As the various oils arc fully described in the second vol. of 
this treatise, it will be expedient, in order to avoid repetition, to 
discuss briefly in a special chapter the general methods used 
in their investigation and the most common adulterants met with. 

The practice of adulteration of the volatile oils, which is 
probably as old as the manufacture itself, had in the beginning 
a certain justification, as with the incomplete technical equipment 
of the early times the addition of fatty oils, turpentine oil, or 
alcohol was often necessary in order to extract from the plants 
their odorous principle. Later, when the preparation of the pure 
oils was already known, the practice of making these additions 
was still retained. 

Even forty years ago, it was customary to distill coriander 
with the addition of orange oil and to put the distillate on the 
market as coriander oil. Since pure coriander oil can now be 
prepared without difficulty, the product obtained by using orange 
oil, as it is found now and then even at the present time, must 
be considered as adulterated and if the foreign ingredient is not 
made known, its sale is a fraud. 

The adulteration need not always be by <the addition of a less 
valuable body, it sometimes consists in that the more valuable 
constituent of the oil has been partially removed. The effect is 
the same, whether from a caraway oil of the specific gravity 
0,910 so much carvone be removed that an oil of the specific 
gravity 0,890 remains behind, or whether the same result is 
attained by the addition of limonene to the same oil. 

Although the adulterations themselves mostly find a sufficient 
explanation in the profitableness and the pecuniary advantage 
to the adulterator, it cannot, however, be denied, that often the 
ignorance of the consumer, and above all the desire to buy as 
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cheaply as possible, is the cause of the spurious compositiori 
of many an oil. More than once the producer may have been 
induced to adulterate, because he found no buyers for his pure 
products at a reasonable price, while his adulterating competitor 
was able to do a lucrative business at lower prices. 

The main reason for the extensive adulteration to which 
volatile oils have been subjected at times, is to be sought in 
the fact that the detection of adulterants was very difficult and 
often entirely impossible. 

Owing to the development of the chemistry of the terpenes 
and their derivatives, great progress has been made during the 
last twenty five years in the detection of adulterations. Knowing 
the composition of not a small number of volatile oils, it has 
become possible not only to distinguish between a pure and an 
adulterated oil, but also to judge the quality of these oils. This 
is effected by estimating the amount of the principal, or the 
most important constituent. In lavender oil, bergamot oil, petit- 
grain oil and others, the amount of esters present are therefore 
determined; in thyme oil, clove oil, pimenta oil, bay oil, and 
Cretian origanum oil the amount of phenols arc estimated; in 
cassia oil and lemongrass oil the amount of aldehyde; in caraway 
oil the amount of carvone. The assay of santalwood oil shows 
how much santalol, that of palmarosa oil, how much gcraniol is 
contained in the oil. The quality of the oils named finds numerical 
expression in the percentage strength of the active constituents 
such as esters, phenols, aldehydes, ketones and alcohols. 

In a second class of oils, whose composition is likewise 
sufficiently known, an assay is not yet possible. The reason 
for this is twofold: .first the value of the oil depends not upon 
a single constituent but upon the blending of the properties of 
several; and secondly the chemical methods of investigation are 
not sufficiently developed. 

With these oils, the examination is restricted as a rule to 
the determination of the normal composition of the oil and the 
absence of commonly used adulterants. Such oils are lemon oil, 
orange oil, rosemary oil and spike oil, which should be tested 
particularly for turpentine oil. 

The incomplete knowledge of the composition and the de- 
fectiveness of the methods of testing most of the oils, do not at 
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present allow of an investigation resting on a rational chemical 
basis. With this class of oils the entire examination consists 
in determining the physical constants. As the average and limit 
values of specific gravity, optical rotation, solubility, §c., of the 
more common oils are well known through observations extending 
over many years, variations from these values call the attention 
of the investigator to adulterants. 

Indeed, the physical behavior of an oil is in general very 
well suited to indicate rapidly the addition of foreign substances; 
the investigation of volatile oils should therefore begin with the 
determination of the physical properties, no matter whether the 
investigation be for practical or for scientific purposes. After 
this, the special methods are to be used, such as saponification, 
acetylation, aldehyde and phenol determinations, and finally, if 
it appears necessary, the tests for turpentine oil, fatty oil, alcohol 
or petroleum should be applied. 

It is of course evident that when the practical value of an 
oil is to be considered, the examination as to its odor J ) and 

') Attention may here be called to the interesting publications by 
H. Zwaardemaker: Die Physiologic des Geruchs (Leipzig 1895); Die Ricchkraft 
von Ldsungen differenter Konzentration (Arch. f. Anatomie u. Physiologic, 
Physiol. Abtlg. 1900, 415); Die Compensation von Geruchsempfindungen 
{Ibidem 1900, 423); Geruch (Ergebnisse der Physiologie 1 (1902), 896); Riechen 
und schmeckcn (Arch. f. Anatomie u. Physiologie, Physiol. Abtlg. 1908, 120; 
Report of Schimmel $ Co. October 1904, 107); Priizisions- Oifaktometrie (Arch, 
f. Laryngologie Bd. 15, Heft 2; Report of Schimmel § Co. October 1904, 105); 
Geschmack (Ergebnisse der Psysiologie 2, 2 (1903), 699); Eine bis jetzt un- 
bvkannt geh/iebene Eigenschaft des Geruchssinnes (Arch. f. Anatomie u. 
Physiologie, Physiol. Abtlg. 1904, 43; Report of Schimmel § Co. October 1904, 
109); Die Empf indung der Geruch/osigkeit (Unter^pchungen aus dem phy* 
siologischen Laboratorium 5. Reihe IV, II, 376; Report of Schimmel Si Co. 
October 1904, 107); Odorimetrie von prozentischen Ldsungen und von 
Systemen im heterogenen G/eichgewicht (Untersuchungen aus dem phy- 
siologischen Laboratorium 5. Reihe IV, II, 387; Report of Schimmel £| Co. 
October 1904, 105); Ober die Proportionen der Geruchskompensation (Arch, 
f. Anatomie u. Physiologie, Physiol. Abtlg. 1907, 59; Report of Schimmel $ Co. 
April 190S, 173); Die vektorielle Darstellung eines Systems von Geruchs- 
kompensationen (Arch. f. Anatomie u. Physiologie 1908, 51; Report of 
Schimmel Si Co. October 1908, 160). Comp, also E. Erdmann, Ober den Ge- 
ruchssinn und die wichtigsten Riechstoffe (Zeitschr. f. angew. Chem. 1900, 103) 
and J. van der Hoeven Leonhard, Riechsch&rfen und Farbsinnabweichungen 
(Die Umschau 12 (1908), 367; Report of Schimmel ft Co. October 1908, 160). 
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taste must accompany the chemical and physical investigation, 
for these arc the properties on account of which the volatile oils 
are used in the perfume and soap industries, in the manufacture 
of candies and liquors, and partly at least in medicine. 

It is necessary, or at least greatly to be desired, to have 
for comparison a sample of a genuine, faultlessly distilled oil. 
A few drops each, of the genuine oil and of the oil to be tested, 
are put on a strip of filter paper, and compared by smelling 
alternately of both. This odor test is repeated after the larger 
part of the oil has volatilized, and in this manner readily volatile 
as well as more difficultly volatile foreign substances may be 
recognized. 

It is possible, however, to give only a very imperfect expression 
in language of odor and taste perceptions; moreover, odor and 
taste arc purely subjective and are also quite differently developed 
faculties in each individual. The perceptions made with the sense 
of odor and ot taste do not admit of expression and comparison 
by means of figures like other observations. An adulteration 
may, therefore, be subjectively recognized, but cannot be ob- 
jectively proven. A good sense of smell is in spite of this 
limitation of great value in the examination, as it often directs 
the investigation into the proper channel in the shortest time. 

Poorly distilled oils, possessing an empyreumatic odor or 
“Blasengeruch”, or oils carelessly kept but otherwise unadulterated 
arc almost altogether recognized by the sense of smell, rarely 
by any other means of investigation. 


DETERMINATION. OE THE PHYSICAL 
PROPERTIES. 

SPECIFIC GRAVITY. 

On account of its ready determination the specific gravity 
is the most frequently taken and, therefore, the best known 
property of the volatile oils. Even concerning the rare and 
little investigated oils statements of their density are to be found. 



Specific gravity. 


557 


Further, as the maximum and minimum values of the more 
commonly used oils are fixed, the determination of the specific 
gravity belongs to the most important and also most convenient 
means of investigation. The specific gravity of an oil is changeable 
within certain limits, and dependent, outside of age, on the manner 
of the distillation and also upon the source and the state of 
ripeness of the plant material used. The extent of this variation 
is so different in the individual 
oils that no general rules can 
be formulated. With normal 
bergamot oil, for instance, the 
specific gravity lies between 
0,881 and 0,886. The difference 
between the highest and the 
lowest density, therefore, 
amounts in this case to only 
five places in the third decimal. 

As a rule, however, the limit 
values lie much further apart. 

Most oils arc lighter, some, 
however, heavier than water, 
especially those which contain 
larger amounts of oxygenated 
constituents of the aromatic 
scries (c. g. wintergreen oil, 
clove oil, sassafras oil). The lowest specific gravity of all volatile 
oils is that of Pinus Sabi ni an a with 0,6962; the highest is that 
of wintergreen oil with 1,188. 

The determination is conveniently performed with an hy- 
drostatic balance according to Mohr or WcstphaP), as the ac- 
curacy attained with this instrument, if rightly handled, is sufficient. 
The values obtained thereby are reliable to the third decimal. 
For the more accurate determination, or when only small quantities 
of an oil are at disposal, a pycnometer is used. The modifications 
of Sprengel (Fig. 66) and of Ostwald (Fig. 67) are especially to 
be recommended. For practical reasons it is expedient to mark 

J ) The hydrostatic balance with steel axes by F. Sartorius, Gdttingen, 
may be especially recommended. 
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the capillaries at a and b and to bend these slightly upward as 
shown in the accompanying illustrations. The instrument is 
suspended from the balance by means of the platinum wire c. 
The capillaries can be sealed by means of the glass caps d and e. 
The pycnometer likewise yields more accurate results with viscid 
oils in which the thermometer body of the Mohr-Westphal balance 
does not move up and down with sufficient ease. For viscid oils 



the capillaries should be relatively large otherwise the filling and 
emptying of the instrument is accompanied with difficulties. For 
the determination of * the specific gravity, the weight of the com- 
pletely dry instrument should be known, also its water value. 
For the determination of the latter, the pycnometer, previously 
filled with distilled water, is placed into a water bath of constant 
temperature (usually -f 15' C.) for about a quarter of an hour 
or until it has assumed the temperature of the water bath. In 
the mean time distilled water is cither added or withdrawn so 
as to bring the contents to the marks on the capillaries, when 
the weight is determined accurately. These two values, viz., 
P x (weight of the pycnometer) and P 2 (weight of the pycnometer 
plus water) are, determined once and for all for a given instrument. 
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P. i —P i is the water value Wof the pycnometer. If the specific 
gravity of an oil is to be ascertained, the pycnometer is filled 
with the oil in question, the same conditions as to temperature 
being observed as before, and weighed. If the pycnometer filled 
with oil weighs P. At then the specific gravity of the oil is 


In order to enable the convenient filling and evacuation of the 
instrument, a tube with glass ground connection with the capillary, 
as illustrated in fig. 68, is employed. Jn the case of 
viscid oils these operations are facilitated with the 
aid of gentle heat. 

The specific gravity is naturally dependent on 
the temperature. For its determination -f 15" C. has 
been chosen as a matter of expediency. The water 
value is likewise determined at this temperature. 1 ) 

The instruments used in Germany are calibrated in 
accordance with this rule, including the Mohr- 
Westphal balance. Only the specific gravity of such 
oils as arc too viscid at 15 C. or congeal either 
entirely or in part, is taken at higher temperatures, 
however, with reference to water at 15°, so that the 
same instruments can be used for these determinations 
at higher temperatures. 

Experiments have shown -) that for the temper- 
ature of water at 15° C. the specific gravity of the 
volatile oils varies from 0,0007 to 0,0008 for each degree centi- 
grade, /. e. on an average 0,00075. With the aid of this factor, 
the specific gravity of an oil can be recomputed for any temper- 
ature. If the temperature at which the specific gravity was 
determined was higher, 0,00075 should be added for each degree 
difference, if lower, the corresponding value should be deducted. 

If, however, the specific gravities have been determined, not 
with reference to water at 15 n but with reference to water at 
the same temperature at which the density of the oil was a$- 

’) Unless otherwise specified, the specific gravities recorded in this book 
are for the temperature of -f 15° C. with reference to water at 15°. 

4 ) Report of Schimmel 8 Co. October 1W5, 87. 
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certained, corrections can be made in like manner. According 
to Schreiner and Downer 1 ) the correction factor for observations 
between 15 and 25 r is 0,00064 for each degree. 

As a matter of course such computed values can be regarded 
as approximations only. For accurate data the specific gravity 
should be actually determined at the temperature in question. 


OPTICAL ROTATION. 

The optical rotation is such a characteristic property of 
most of the volatile oils that its determination should never be 
omitted in an examination. Especially adapted for this purpose is 
the half-shadow polariscope according to Lippich-) with polarisor 
in two parts. The best division of the circle for the purpose in 
question is that into degrees and minutes in such a way that 
the numbers on each side of the zero point run up to 180 '. If 
the dark color of the oil docs not allow of making the observation 
in a 100 mm. tube, which is the one usually employed, one of 

50 or even 20 mm. may be used and the values obtained arc 
multiplied by 2 and 5 respectively. If the color permits, inactive 
substances arc observed in 200 mm. tubes in order that slight 
deviations may be detected. When no special mention is made 
of the temperature, room temperature is to be understood. In 
general it is not necessary, although desirable, to make the 
observation at a fixed temperature, as the natural variations in 
the rotation of an oil are usually greater than the differences 
due to a variation in temperature of several degrees. Exceptions 
to this are the oils of lemon and orange, the rotation of which is 
relatively strongly influenced by even small changes in temperature. 
It is necessary, in order to get comparable figures, to determine 
the rotation of these two oils at r 2 0 or else to reduce the 
result to this temperature by calculation. The details of this will 
be found in the description of these oils in the special part. 

') Pharmaceutical Archives 4 (1901), 1t>5. Comp, also Report of Schimmel 

51 Co. April WO#, 71. 

-') With regard to the manipulation of the polariscope the reader is 
referred to the wellknown work by H. Undolt, Das optische Drehungsvermtigen 
organischer Substanzen, II. ed., Braunschweig, 1898. 
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In the following, is the observed angle of rotation in a 
100 mm. tube with sodium light, and [«]„ is the specific rotation 
as calculated by the formula 


where « is the observed angle of rotation, / the length of the 
tube in decimeters and d the specific gravity of the liquid. 

Solid substances arc dissolved in an optically inactive liquid. 
The computation is effected acording to one of two formulas, de- 
pending as to how the concentration is expressed: either by c, /. e. 
the number of grams of substance in 100 cc. of solution, or by 
percentage, /. e. the number of grams of active substance in 
100 g. of solution. In the latter instance the specific gravity (d) 
of the solution must be known. If the solution deviates the ray 
of polarized light a degrees the specific angle of rotation follows 
from the following equation: 

. , 100-k 100-« 

|l ' 1 " lc Ipd' 

The angle of rotation thus ascertained is not strictly constant 
for most substances, but varies with the nature of the solvent, 
the concentration, and the temperature. 1 ) Consequently it is neces- 
sary to record the conditions observed with the specific angle 
of rotation, e. £. [«j |(iJI , 10 1 in a 43,5 p. c. alcoholic solution. 

REFRACTION. 

The determination of the index of refraction n u has been 
recommended repeatedly for the examination of the volatile oils. 
As is well known, certain relations exist between chemical 
constitution and refraction and in many cases conclusions as to 
the position and number of double bonds may be drawn from 
the molecular refraction. Chemical individuals carefully purified 
arc, however, necessary in order to obtain useful results. As 
the refractive coefficients of the constituents of the volatile oils 
are on the whole only slightly different from each other, they 
are not so well suited for the detection of adulterations as are 

’) As to the influence of the solvent on the angle of rotation compare 
Landolt, Liebig’s Annalen 1N« (1877), 311; Rimbach, Zeitschr. f. physlk. Chem.ff 
(1892), 701. 

GlLDtMHKTbK, THfc VOLATILL OILS ' 36 
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other methods of examination. The addition of turpentine oil, 
for instance, influences the refraction of lemon oil only slightly, 
but changes the rotation to a marked degree. 1 ) 

In isolated cases, the index of refraction may nevertheless 
serve as a valuable supplement to the other constants and should, 
therefore, not be omitted on principle. Hence, in the discussion 
of the individual oils, reference will frequently be made to these 
constants and limit values will be given. 

For this purpose the Pulfrich rcfractometer can be especially 
recommended. The observations arc made with sodium light. 

The variations in the index of refraction due to differences 
in temperature vary somewhat for different oils and average 
about 0,00035-) for each degree of temperature. These variations 
arc noteworthy in as much as the indices of refraction of the 
different volatile oils vary but little among themselves, viz., from 
1,43 (oil of rue and cognac oil) and 1,61 (cassia oil). Great care 
with reference to temperature should, therefore, be exercised 
in the determination. As a rule, the observations are made at 20". 
Only in such cases, as that of oil of rose, in which the consistence 
of the oil does not admit of the determination, a higher temper- 
ature is chosen. Hence n„ 2W signifies the index of refraction for 
sodium light at 20" C. A recomputation with the aid of the above 
mentioned factor yields approximate values only and is not ad- 
missible for accurate values. 

As a result of the formation of oxidation and polymerization 
products, the index of refraction increases with age. An exception 
is found in the behavior of anethol. 4 ) 

Mention should yet be made of the specific and molecular 
index of refraction although they apply to chemical individuals only. 

The specific index of refraction finds expression in the formula 

n- 1 In 

n, 4 2 ' d ' 

in which d is the specific gravity determined at the same tem- 
perature at which the index of refraction is determined. The 

') Report of Schimmel § Co. October tSJKi, 55. 

-’) According to observations by Schimmel § Co. 

■*) Comp. Report of Schimmel $ Co. October HHM, 42. 

4 ) The above formula has been proposed by Lorenz and Lorentz. The 
older formula by. Gladstone, viz. n ^ ^ does not always yield constant values. 
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molecular index of refraction or the molecular refraction is ob- 
tained by multiplying the specific index of refraction with the 
molecular weight. 


CONGEALING POINT. 

With certain oils, especially anise, star anise, fennel and 
rue oils, the congealing point affords a good means for judging 
the quality. With the first three oils a high congealing point 
shows a large content of anethol, with rue 
oil one of methyl nonyl ketone. 

In isolated cases the melting point has 
been recommended for the determination 
of volatile oils. However, it is little suited 
to this end, since the volatile oils are not 
individual compounds but mixtures which 
reveal no sharp melting point throughout 
the entire mixture, but soften at first and 
then gradually change to a clear liquid. 

As a result no fixed melting point can be 
observed, but a temperature interval bet- 
ween which the oil melts. Contrasted with 
the melting point, the congealing point can 
be clearly and sharply observed. 

The determination of the congealing 
point can be very well performed with 
Beckmann’s well-known apparatus for the 
determination of the molecular weight by 
the lowering of the freezing point. A few 
slight changes make it especially suited 
for this purpose. They consist principally 
in doing away with the cork connections which hinder the free 
inspection of the mercury thread of the thermometer. The 
laboratory of Schimmel $ Co. 1 ) has the form shown in fig. 69. 
The battery jar A serves as the receptacle for the cooling liquid 
or freezing mixture. The glass tube B hanging in the metal 
cover serves as an air jacket for the freezing tube C and prevents 
the premature congealing of the oil to be tested. The freezing 

J ) Report of Schimmel $ Co. October 1*#H ( 43. . 

* 36* 



564 


The examination or volatile oils. 


tube C is wider at the top and becomes narrower at the place 
where it rests on the edge of the tube B. In order to retain C 
in fixed position, three glass projections are fastened on the 
inside of the tube B, about 5 cm. below its upper edge. The 
thermometer, which is graduated into half degrees is held in 
position in a metal plate by three springs which allow of sliding 
the thermometer up or down. 

To carry out the test, the battery jar is filled with either 
water and pieces of ice or with chopped ice, according to the 
reduction of temperature desired. Only occasionally it is necessary 
to employ a freezing mixture of ice and salt. Then pour into 
the freezing tube so much of the oil to be tested that it stands 
at a height of about 5 ccm. in the tube and bring the thermo- 
meter, which must not touch the sides of the tube at any place, 
into the liquid. During the cooling the undcrcooled oil is to be 
protected from disturbances, which would produce a premature ■ 
congcalation. 1 ) When the oil has been sufficiently undcrcooled, 
crystallization is to be induced by rubbing and scratching the 
thermometer against the sides of the tube. If this proceeding 
should not prove successful a small crystal of congealed oil or 
some solid anethol or methyl nonyl ketone is brought into the 
liquid, when congcalation will take place with liberation of heat. 
The solidification is hastened by continued stirring with the 
thermometer, the mercury thread of which rises rapidly and 
finally reaches a maximum which is called the congealing point 
of the oil. 

The oil should be sufficiently undercooled, otherwise the 
congelation will proceed too slowly thus rendering the observation 
more difficult. Again, the oils should not be undercooled too 
much, otherwise the results observed will be too low. Practically 
useful results are obtained when the oils are undercoolcd about 5 \ 
It is desirable always to work under like conditions in order that 
the various qualities of the respective oils may be judged from 
a common view point. Schimmel $ Co. subcool as follows: 

Anethol to — lb, Anise oil to -1-12". 

Staranise oil to -h 10 , fennel oil to -f 3 . 

') A premature congcalation often takes place when the oil has not 
been filtered clear, as suspended dust particles may give rise to congealation. 
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In certain cases it is desirable to record the temperature 
to which an oil was subcooled. 

It should be mentioned that reference is had to the congealing 
temperature of oil of rose. This refers to the temperature at which 
the paraffin crystals are formed when the oil is slowly cooled. 


BEHAVIOR ON BOILING AND ERACTIONAL 
DISTILLATION. 

Inasmuch as the volatile oils are mixtures of substances with 
different boiling points, it is improper to speak, as is so often 
done, of the boiling point of a volatile oil. It is more correct 
to speak of a boiling temperature, by which is 
meant the temperature interval within the limits of 
I 1 which the oil distills over in 

® a single distillation from an 

^ ordinary distilling flask (fig. 70) 
without the application of a 
fractionating arrangement. It 
is of the greatest importance that the entire 
column of the mercury be surrounded by the 
vapors of the distilling oil, a circumstance that 
is often ignored and leads to erroneous results. 
The thermometer should be adjusted in such a 
manner that the respective boiling point is placed 
slightly above the exit tube of the distilling flask. 
Care, however, should be exercised that the 
mercury bulb of the thermometer docs not pro- 
ject into the body of the flask, much less into 
the liquid. In order to avoid this, thermometers 
with shortened scales are preferably used. 

Of great importance is also the rate of distillation which is 
best regulated so that 40 or at most 60 drops are collected per 
minute. If the distillation is conducted too rapidly and if the 
exit tube is not large enough the vapors arc choked causing an 
increase in pressure and a corresponding rise in temperature. 
The consequence is this that the observed boiling point is too high. 

In order to avoid bumping, small pieces of pumice, tiling or 
or talcum are added to the liquid. # 



r»n- 70 
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Whereas the determination of the boiling point is of im- 
portance in the examination of chemical individuals, fractional 
distillation yields better results in the examination of volatile oils. 
The several fractions are collected separately, their amounts 
ascertained, and each fraction examined separately if necessary. 

The observations recorded by different observers of the 
amounts of the same oil which distill over between certain limits 
of temperature, seldom agree, because the results are not only 
greatly influenced by the form of the distilling flask, but also 

§fi )f the distillation and the height 
■. In the examination of certain 
fractions of individual oils it 
is therefore necessary, to use 
flasks of fixed dimensions and 
to observe a certain rapidity of 
distillation. For testing lemon • 
oil and spike oil, Schimmel 8j Co. 
flasks according to Ladenburg of 
is given in fig. 71. ‘) From 50 cc. 
icntioned, 5 cc. arc distilled over 
anner that about 1 drop falls in 
a second, and the distillate tested in the 
polariscope, as will be described more in 
detail under the individual oils. 

When the different constituents are to be 
isolated from an oil, the fractional distillation 
7 , must be repeated many times and preferably 

by employing one of the well known distilling 
columns. In order to. avoid decomposition, it is best to distill the 
fractions boiling above 200 1 in vacuum. Oils containing esters 
must first be saponified, as the acids, which arc easily split off 
by the boiling, disturb the fractionation and may act upon the 
other constituents of the oils. 


SOLUBILITY. 

The volatile oils are readily soluble in the ordinary solvents, 
such as alcohol, ether, chloroform, benzene, acetic ether, carbon 

') Report of Schimmel Si Co. October 1S9\ 41. 
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disulphide, $c. Mention of this general property is not made 
in the description of the individual oils. A phenomenon which 
is sometimes considered as an incomplete solubility njay be 
mentioned here. The turbidity noticed when certain oils arc 
mixed with petroleum ether, paraffin oil') or carbon disulphide 
may be caused by the small amount of water which the oils 
have retained from their preparation. The richer an oil is in 
oxygen, the more water it is capable of dissolving and the more 
cloudy does it become with petroleum ether.*) The turbidity 
does not take place when the oil has been thoroughly 
dried with anhydrous sodium sulphate. 

Although all oils are readily soluble in strong 
alcohol, only some of them arc entirely soluble in 
dilute alcohol. For the last class this property becomes 
a practical and rapid means of examination. The 
presence of the difficultly soluble turpentine oil can, 
for instance, be readily shown in this manner in the 
oils soluble in 70 p. c. il ) alcohol. The solubility deter- 
mination is very simple, hiring into a small graduated 
cylinder (fig. 72) ‘ j to 1 cc. of the oil to be tested and 
add small portions of the alcohol at a time until with 
vigorous shaking solution is effected. If an oil which is soluble 
under normal conditions does not dissolve, it is sometimes 
possible to draw conclusions as to the adulterant from the 
character of the turbidity and the separation of the insoluble part. 
Petroleum floats oh the 70 p. c. alcohol, whereas a fatty oil 
settles in drops at the bottom. 

For the examination of volatile oils, alcohol of different per- 
centage strength is used. In the following table the strengths 
thus far employed arc enumerated together with their specific 
gravities for jj!.*) 

l ) Cinnamic aldehyde is an exception to this rule. It is practically in- 
soluble in petroleum ether and paraffin oil. Hence cassia oil and Ceylon 
cinnamon oil dissolve but incompletely in these solvents. 

“) When an oil rich in oxygen, such as bergamot oil, is mixed with 
one rich in terpenes, as turpentine oil or orange oil, the mixture becomes 
turbid due to the separation of water. 

: ‘) The statements in this book always refer to volume percent. 

4 ) According to K. Windisch, Tafeln zur Ermittelung des AlkohoJgehaJtcs 
von A Ikohol- Wassermischungen aus dem spezifischen Gewicht. Berlin, 1893. 
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30 percent by volume 

dj* 0,9656 1 

69 percent by volume 

C 0,8928 

40 

. . . 0,9521 

70 

. . . 0,8904 

50 

. . . 0,9347 i 

80 

. . . 0,8642 

56 

. . . 0,9226 

82 

. . . 0,8586 

60 

. . . 0,9139 

85 

. . . 0,8499 

62 

0,9094 

90 

. . . 0,8343 

65 

. . . 0,9025 

95 

. . . 0,8165 

68 

0,8953 

98 

. . . 0,8040 


In order to avoid the necessity of keeping on hand alcohol 
of different percentage strenght, Dowzard ') has recommended a 
method which is worth mentioning though it has not established 
itself. 5 cc. of an oil are dissolved in 10 cc. of absolute alcohol 
(d,^.. 0,799) and the solution diluted with water from a burette 
until the solution becomes permanently turbid. By multiplying 
the number of cc. of water by 100 the "solubility value” is 
obtained. In connection with bergamot oil, Dowzard determined 
values between 220 and 290. 

The same author suggests the determination of the vis- 
cosity'^ as a means for examining volatile oils. For the 
volatile oils, however, this method has never attained practical 
significance. 


CHEMICAL METHODS OE TESTING. 


The rational examination of a volatile oil in a chemical 
manner is possible only if its composition or at least its main 
constituents are known. The chemical investigation must be 
directed as much as possible toward the isolation and quan- 
titative estimation of the constituents recognized as being 
the most valuable. The methods of testing must, therefore, 
conform to the analysis of the oil. If this really self-evident 
supposition had been generally recognized earlier, those methods 
of investigation, which arc designated as quantitative reactions, 
as for instance the iodine absorption, or Maumene's sulphuric 
acid test, which had given good results with the fatty oils, would 
not have been applied offhand to the volatile oils. 

’) Chemist and Druggist St (1898), 749. 

-) Chemist and Druggist *>< (1900), 169. Report of Schimmel ft Co. 
April IW1, 31 
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The fatty oils are a group of chemically closely related 
bodies; they are glycerides of the fatty and oleic acid series. 
The constituents of the volatile oils, however, recruit themselves 
from the greatest variety of classes of bodies. Among them may 
be found terpenes, sesquiterpenes, paraffins, alcohols, aldehydes, 
ketones, phenols, ethers, oxides and esters. It should be no 
matter for surprise, therefore, that the methods of testing which 
are useful with the fatty oils, fail utterly with the volatile oils. 
Nor is there any sense in subjecting the fatty and the volatile 
oils to the same reactions, just because they both bear the same 
designation “oils”. 

The application of Hiibl’s iodine addition method to volatile 
oils has been recommended by Barenthin, 1 ) Kremel, 2 ) Williams, !l ) 
Davies 4 ) and Snow/') By a direct comparison of the results of 
these separate observers it could not have been difficult for 
Cripps") to show the utter uselessness of this method. This 
result is not altered by the fact that individual analysts again 
and again recommend this method. 7 ) 

The use of bromine in place of iodine was first suggested 
by LcvalloiV) and later by Klimont. 0 ) More recently it has again 
been recommended by Vaubel 1 ") and Moslcr. 11 ) In as much, 
however, as the variety in the composition of volatile oils renders 
it impossible to pass judgement as to which of the constituents 

') Arch, der Pharm. 224 (188b), 848. 

’) Pharm. Post 21 (1888), 789, 821. 

: > Chem. News 00 (1889), 175. 

') Pharmaceutical Journ. III. 19 (1889), 821. . 

■) Pharmaceutical )ourn. III. 311 (1889), 4. 

,l ) Chem. Mews 00 (1889), 23b. • 

; ) Sanglc-Ferricre and Cuniasse, journ. de Pharm. etChitn. II. 17(1903), 169; 
Report of Schimmel & Co. April 1908, 82; F. Hudson*Cox and W. H. Simmons, 
Analyst 29 (1904), 175; Pharmaceutical Journ. 72 (1904), 861; Report of 
Schimmel ft Co. October 1904, 80; Worstall, Journ. Soc. chem. Industry 23 
(1904), 302; Report of Schimmel ft Co. October I9<4, 85; Harvey, Journ. Soc. 
chem. Industry 23 (1904), 413; Report of Schimmel ft Co. October 1904, 86. 

s ) Compt. rend. 99 (1884), 977. 

>') Chem. Ztg. IN (1894), 641. 

"') Zeitschr. f. off. Chem. 11 (1905), 429; Chem. Zentralbl. 1900, I. 199; 
Report of Schimmel ft Co. April 1900, 66. 

u ) Zeitschr. d. allg. 6sterr. Apoth. Ver. 4*> (1907), 223, 235, 251, 267, 283, 
299; Report of Schimmel ft Co. October 1907, lib. 
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it is with which the bromine combines, the value of the results 
obtained will remain problematical. The method will, therefore, 
find application in emergency cases only. 

According to Maumene’s test the fatty oil to be investigated 
is mixed in a certain proportion with concentrated sulphuric acid 
and the rise in temperature which takes place is observed. Its 
application to volatile oils was recommended by Williams') as 
well as by L)uyk 2 ) but it has found just as little favor in practice 
as the other methods named above. 

With these methods are also to be classed the much recom- 
mended color reactions. They mostly consist in bringing together 
a volatile oil and c. g. sulphuric acid or nitric acid, whereby 
some coloration is produced, which only in rare cases can be 
ascribed to a definite chemical change. As the shades of color 
produced arc difficult to describe, and often change from one 
to the other, these tests may therefore easily give rise to mistakes, 
hence the color reactions in general arc to be designated as 
useless. This docs not exclude, however, the occasional use of a 
color reaction in the detection of adulterants. This is especially 
true if these color tests arc used for the characterization of 
chemical individuals isolated from the volatile oils (e. g. cadincnc, 
sylvestrene). It is, however, never to be considered as con- 
clusive in itself. 

Besides the methods of testing already enumerated, many 
others have been suggested in the course of time, which however 
have acquired as little practical importance as these. Only such 
methods arc to be discussed here as have really proven satis- 
factory in the investigation of volatile oils. 

SAPONIFICATION. 

Through scientific investigation it has been established that 
many volatile oils contain ester-like compounds, the components 
of which, on the one hand are alcohols, usually of the com- 
position C I(1 H jk O or C, u H., 0 O and acid radicals of the fatty 
series, on the other. 

') Chem. News ttl (1890), t>4. 

*) Bull, de /'Academic my. de mddec. de Belgique. 1897, 
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The esters, which are nearly without exception of a pleasant 
odor, are often to be considered as the most important con- 
stituents of the oils. Thus, linalyl acetate is the carrier of the 
odor in bergamot oil; the same ester is found in lavender oil 
and also occurs along with other compounds in petitgrain oil. 

The esters of borncol, found in the different pine-needle oils, 
play an important part in the formation of the pine aroma. 
Mcnthyl acetate is found in the peppermint oils and the geranyl 
ester of tiglic acid in the different geranium oils. 

The quantitative estimation of the ester is always valuable 
for judging the oils, even when the esters are of little consequence 
to the odor. But it is much more important, and really the only 
rational test of quality in such cases where the esters are the 
carriers of the characteristic odor, as with bergamot oil and 
with lavender oil. The determination is made according to the 
method of quantitative saponification, as it has long been used 
in the analysis of the fats. Its application to the volatile oils 
was first urged by A. Krcmcl. 1 ) However, it did not acquire 
practical importance until the nature of the saponifiable com- 
pounds was ascertained through scientific investigation. 

Kremel distinguishes acid value (acid v.), ester value (ester v.), 
and saponification value (sap. v.). The acid value expresses how 
many mg. of KOH are necessary to neutralize the amount of free 
acid contained in 1 g. of oil. The ester value gives the amount 
of potassa in milligrams used in the saponification of the ester 
contained in 1 g. of oil. The saponification value is the sum of 
acid value and ester value. As the volatile oils with exception 
of e. g. geranium oil and vetiver oil usually contain only a small 
amount of free acid, this may in general be neglected. Only 
old, partly spoilt oils, tend to show somewhat higher acid values. 
It is urged that in all cases the acid and ester values be deter- 
mined separately, for the reason that acids are occasionally 
added to increase the apparent ester content. 

It should be mentioned that in all oils which contain aldehydes, 
the ester determination by saponification cannot be made, as a 
consumption of alkali takes place due to the decomposition of 
the aldehyde which increases with the length of the reaction, 


') Pharm. Post i\ (1888), 789, 821. 
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but which gives no information as to the amount of aldehyde 
decomposed. 

Errors in the determination likewise result from the presence 
of phenols. Hence these should first be removed with the aid 
of a dilute (3 to 5 percent) aqueous alkali, 
unless the ester determination is abandoned in 
such cases. 

The saponification is conducted in a wide 
necked flask of potash glass of 100 cc. capacity 
(fig. 73). A glass tube about 1 m. in length and 
passing through a stopper serves as a reflux 
condenser. Into such a flask about 1,5 to 2 g. 
of oil are weighed accurately to 1 eg. and about 
twice its volume of acid-free alcohol is added. 
After the addition of a few drops of alcoholic 
p phcnol-phthalein solution, half-normal potassa is 

ff ilfc; carefully added. The reaction is completed when 

) pjjj the red color produced no longer disappears 

u P on shaking. A later decoloration is due to 

i. u . 73 the saponification of the ester by the alkali. After 
the neutralization of the free acid, which usually 
requires but 2 to 3 drops of halfnormal alkali, 10 cc. or more 1 ) 
of the solution arc added, and the mixture is heated on a water 
bath for an hour*-) after the usual precaution to prevent bumping 

') In most cases 10 cc. suffice. Only in the case of oils with high 
ester content (Roman chamomile oil, winteigreen oil) 20 to 30 cc. should 
he taken. Care should always be taken to have a sufficient excess of alkali. 

I or the same reason 20 cc. of alkali should he taken when oils of unknown 
ester content arc to be saponified, ff esters as such are to be saponified 
even larger amounts should be used depending upon the size of the molecule 
and the number of carboxyl groups present. Thus, e. g. the saponification 
of 2 g. of methyl formate requires 07 cc. of halfnormal potassium hydroxide 
solution. 

J ) The saponification of most esters can be accomplished in a much 
shorter time, that of the ester of bergamot oil being accomplished in 10 minutes, 
However, in order to be certain of the results and to work under the same 
conditions, the time of heating is extended whereby no harm is done. Comp. 
Report of Schimmel ft Co. October W», 25. The method of Helbing (helbing's 
Pharmacological Record No. 30, p. 4), according to which the saponification 
of bergamot oil is conducted in a closed vessel, hence under pressure, yields, 
as the investigations of Schimmel ft Co. revealed, results that are I to 2 percent 
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has been taken and the reflux condenser has been adjusted. 
After cooling, the contents of the flask are diluted with 50 cc. 
of water and the excess of alkali is titrated with half-normal 
sulphuric acid. 

The computation is carried out with the aid of the following 
formula: 


Acid. V. (Acid value) 

Ester. V. (Ester value) . 

Sap. V. (Saponification value) | 


28 a 
s 


in which a stands for the number of cc. of half-normal alcoholic 
potassa solution and s for the number of grams of oil of used. 

If for 1,5 g. of bergamot oil employed 0,1 cc. of half-normal potassa has 
been used to neutralize the free acid, b,0 cc. for saponification, then 

the acid value (acid v.) — 1,87; 

1,5 

the ester value (ester v.) i|2,0; and 

1,5 

the saponification value (sap. v.) ^ ^ ^ 113,87- 1,87 112,0. 


horn the ester value the percentage of ester or of alcohol 
respectively can be computed with the aid of the following formulas: 


" <> ester 


Ester V. ■ m 
r Mb : 


alcohol 


EstcrV.w, 
560 ’ 


in which m stands for the molecular weight of the respective 
ester, /??, for that of the corresponding alcohol, and b for the 
basicity of the corresponding acid. 


higher than those conducted in an open flask. The explanation lies in the 
fact that the linalool itself is affected by the caustic potash when heated 
with it under pressure whereas it suffers no change in the open flask. Later 
Helbing and Passmore [Chemist and Druggist 47 (1895), 585], substantiated 
the conclusion that the saponification in an open flask is to be preferred to 
that in an autoclave, neither does the process of cold saponification appear 
to be applicable, which has the additional disadvantage of loss of time. 
According to Henriques (Zeitschr. f. angew. Chem. 1897, 399), linalool reveals 
a saponification value of 4,2, geraniol one of 2,8 when acted upon by 
alkali for 12 hours. In isolated cases only boiling for one hour does not 
suffice for the quantitative saponification of esters, thus e. g. with terpinyl 
acetate, bomyl and menthyl /sovalerate, which must be boiled for from 2 
to 3 hours with a sufficient excess of alkali. 
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For the more common alcohols found in volatile oils, viz., 
C )() H ls O (gcraniol, linalool, borneol, /sopulegol), C l() H., 0 0 (men- 
thol, citronellol), C ls H sl O (santalol), C lri H., (1 0 (ccdrol), and their 
esters the formulas read as follows: 


1. CihHikO: 

" « acetic ester 

lister V. • 1 % 

" •• alcohol 

Ester V.154 

560 ; 

Ester V. 198 

560 ’ 

Ester V.- 156 

2. CioH.,,0: 

% acetic ester 

560 ’ 

Ester V.262 

u u alcohol 

560 1 

Ester V.-220 

3. CiaHjiO: 

" «» acetic ester 

560 : 

"/« alcohol 

560 

4. C,.H a ,0: 

v i» acetic ester 

Ester V. ■ 264 

" « alcohol 

Ester V.- 222 

560 : 

560 


In the above formulas the factor b drops out since acetic 
acid is monobasic. 


For the bergamot oil illustration given on the previous page, the ester 
of which is linalyl acetate (CH,COOCi,.H, 7 ) and the alcohol of which is 
linalool (Ci„Hi..O), the following values result: 

IPO IQf, 

0 ii linalyl acetate — 39,20, 

560 

°" linalool - = 30,80. 

Avoiding the ester value, the percentage of ester and of 
alcohol can be computed directly with the aid of the following 
formulas: 

"/« ester m ; % alcohol • 

20 s - b 20 s 

In these formulas the symbols have the same significance 
as in the previous formulas. 

For the alcohols mentioned above, viz., C IU H 1N 0, C l() H 20 O, 
C lR H 24 0 and C, fi H 2fl O tables will be found at the end of this 
chapter (table I, p. 618), in which the percentage of acetic ester 
and of alcohol can be found for each ester value. 1 ) The use 
of the table is quite apparent without further explanation. If in 
a given case 112 has been found as the ester value for bergamot 
oil, all that is necessary is to trace the corresponding figure in 
the column headed C l( ,H, s O and in the one headed “acetate", 
viz., 39,20. This figure reveals the percentage of linalyl acetate 
in bergamot oil, whereas the corresponding number 30,80 in the 
column headed “alcohol" reveals the percentage of linalool. 

') For geraniol the percentage of tiglate is also given. Table I, p. 618. 
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In order to save time in the computation of these alcohols, 
a second table (table II, p. 632) has been added in which the 
ester value (acid value, saponification value) as well as the 
corresponding percentage content of acetate or alcohol can be 
traced from the number of cc of half-normal potassium hydroxide 
solution used, provided exactly 1 ,50 g. of oil have been employed. 

ACETYLATION. 

Many volatile oils contain as important constituents alcohols 
varying in composition, for instance, borneol, geraniol, tcrpineol, 
linalool, thujylalcohol, menthol, citronellol and santalol. Tor the 
quantitative estimation, their behavior toward 
acetic acid anhydride, with which they form 
acetic esters when heated, may be used. Taking 
gcranyl acetate as an illustration, their formation 
takes place according to the equation: 

C,„H 17 OH 1 (CHaCO)-O CH :( CO s C,uH 1? + CH,CO*H. 

For the quantitative acetylation 1 ) 10 cc. of 
the oil, mixed with an equal volume of acetic 
acid anhydride and about 2 g. of dry sodium 
acetate, are boiled uniformly for 1 hour in a 
small flask provided with a condensing tube 
which is ground into the neck of the flask and 
some small fragments of tiling to prevent bumping 
(fig. 74). After cooling, some water is added to 
the contents of the flask and then heated for l /* hour 
on a water bath, to decompose the excess of 
the acetic acid anhydride. The oil is then separa- 
ted in a separating funnel, and washed with water, or better still 
with sodium chloride solution, until the reaction is neutral. 2 ) 

Of the acetylized oil, dried with anhydrous sodium sulphate, 
1,5 to 2,0 g. are saponified with 20 cc. of half-normal potassium 

l ) Report of Schimmel ft Co. October 1K94, 62. 

*) One can also proceed to neutralize the free acid with sodium carbonate 
solution and then to wash with water until the reaction is neutral, in this 
case, however, one occasionally encounters the difficulty of removing the 
soda solution from the oil, a difficulty that is obviated when proceeding as 
indicated above. 
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hydroxide solution according to the method described on p. 572, 
any free acid present having previously been carefully neutralized. 
The percentage of alcohol corresponding to the ester value found, 
and referring to the original non acetylizcd oil, can be looked 
up in the table appended to this chapter, viz., table I'), p. 618. 
These values are derived with the aid of the following formula: 

"(i alcohol in the original oil 021) * ’ n W ^' C ^ 

m the molecular weight of the respective alcohol, 

<7 the number of cc. of half-normal potassium hydroxide solution • 

s the number of grams of acetylizcd oil used. fused, 

Attention should, however, be directed to the circumstance 
that this formula docs not take into consideration that a part of 
the alcohol may be contained as ester in the original oil. A small 
percentage of ester in the original oil may be disregarded since" 
the error caused thereby is small. If, however, the ester content 
is large, or if more accurate results are desired, this error should 
be eliminated. For this purpose the amount of free alcohol is 
computed from the difference between the ester number of the 
original oil and the ester number of the acetylizcd oil (table I, p. 618, 
alcohol in original oil). To this is added the amount of cstcrified 
alcohol computed from the ester number. The sum is that of 
the percentage of total alcohol. 

By way of illustration. A peppermint oil has yielded 26,43 
as ester value before and 173,57 as ester value after acetylation. 
In order to ascertain the amount of total menthol present one 
proceeds as follows: 

173,57 — 26,43 - 147,14= 46,07 p. c. of free menthol; 

26,43 7,36 p. c. of ester menthol ; 

hence total menthol 46,07 -{- 7,36 - 53,43 p. c. 

Without this recalculation the amount of total menthol, as 
computed from the ester value after acetylation, would be 
55,59 p. c. 

') When 1,50 g. of acetylized oil are used the alcohol content can be 
ascertained directly with the aid of table II on p. 632 from the number of cc. 
of half-normal potassium hydroxide solution employed. 
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The values obtainable from the ester content can also be 
expressed by means of the following formulas: 

“ 0 of free alcohol in the orig. oil - _ A . m ^ ~~ ^ , , 

6 20 [s— (*3 2 — «»,) 0,021] 

" " of total alcohol in the orig. oil m ‘ J.‘ ? * ' s ~~ ~ ' t7 > * 1 . 

5 20 ■ s ■ [s — — jj) 0,021] 

In the above formulas 

m stands for the molecular weight of the respective alcohol, 

<3, for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of the original oil, 

a., for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of acctylized oil. 

Hence in both instances the amounts of potassium hydroxide 
solution pertain to equal amounts of oil. 

For purely practical reasons the statements found in the 
second volume as to the total alcohol are made throughout 
without reference to the ester content of the original oils. In 
other words, they are the values derived directly from the ester 
values of the acctylized oil. For practical purposes this will 
suffice in general, as the differences arc not appreciable. 
In the case of geranium oil, however, appreciable differences 
occur. This is due not only to the presence of a higher ester 
content, but also to the fact that the esterified alcohol of the 
original oil is combined with tiglic acid, whereas the formula 
considers only acetic acid. In this instance, therefore, the amount 
of originally esterified alcohol and the amount of free alcohol 
receive separate consideration; also the total amount of alcohol 
derived from the two is recorded. But here also the apparent 
alcohol content derived from the acetylation value (ester value 
after acetylation) is also recorded. 

The reaction between alcohol and acetic acid anhydride is 
quantitative in the case of borneol, /soborneol, geraniol, 1 ) menthol 4 ) 
and santalol, hence enables an accurate determination of these 
substances. Less fortunate are the conditions with the tertiary 
alcohols linalool and terpineol, as these, on boiling with acetic 
acid anhydride, arc partly decomposed by splitting off water 

! ) Bertram and Gildemeister, Journ. f. prakt. Chem. II. 40 (1894), 189. 

*) Power and Weber, Pharm. Rundsch. (New York) 12 (1894), 162; Arch, 
der Pharm. 282 (1894), 653. 
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with the formation of tcrpenes. Comparative figures, however, can 
also be obtained with these alcohols if the same amount of acetic 
acid anhydride is always used and the boiling continued for the 
same length of time. With linalool there was found as a favorable 
result after 2 hours of boiling, a deficiency of 15 percent of al- 
cohol.') Terpineol behaves toward acetic acid anhydride as 
follows: 

Time of boiling: Terpinyl acetate formed: 


10 minutes 


30 

45 


M 


2 hours 


51 ,2 percent 
75,5 „ 

84,4 „ 

77,9 „ . 


With terpineol, therefore, heating longer than 45 minutes 
has a detrimental effect. 

Better results arc obtained if the suggestion of Boulez 2 ) is 
followed and a diluent in the ratio of 1 : 5 is employed. For this 
purpose cither turpentine oil or xylene may be used. Turpentine 
oil, however, yields a small acetylation number for which a 
correction should be made, whereas xylene remains totally un- 
changed. At the same time the period of acetylation must be 
prolonged. Schimmel fij Co. :l ) report that the maximum of ester 
determination is reached after boiling 5 to 7 hours. Longer boiling 
again reduces the amount of ester formed as shown by the 
following table. 

Even with this modification, satisfactory results are obtained 
only with terpineol, whereas the accuracy of the results obtained 
with linalool leaves much to be desired. The quantitative acetyl- 
ation reported to have been observed by Boulez depended on 
wrong computation as pointed out by Schimmel § Co. s ) 


I. 20 parts linalool -j 80 parts xylene. 


Duration of acetylation 

3 hrs. 

5 hrs. 

7 hrs. 

12 hrs. 

20 hrs. 

Ester v 

53,3 

60,4 

63,0 

63,3 

51,6 

CiqHikO ............... 

15,3 

17,4 

18,2 

18,3 

14,8 

Found with reference to 100 parts of 
the alcohol 

76,5 

87,0 

91,0 

91,5 

73,8 


*) Report of Schimmel $ Co. April 1N83, 45. 

-) Corps gras industries 88 (1907), 178; Bull. Soc. chim. IV. 1(1907), 117. 
•■’) Report of Schimmel $ Co. April 1907, 121. 
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The values obtainable from the ester content can also be 
expressed by means of the following formulas: 

“ 0 of free alcohol in the orig. oil - _ A . m ^ ~~ ^ , , 

6 20 [s— (*3 2 — «»,) 0,021] 

" " of total alcohol in the orig. oil m ‘ J.‘ ? * ' s ~~ ~ ' t7 > * 1 . 

5 20 ■ s ■ [s — — jj) 0,021] 

In the above formulas 

m stands for the molecular weight of the respective alcohol, 

<3, for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of the original oil, 

a., for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of acctylized oil. 

Hence in both instances the amounts of potassium hydroxide 
solution pertain to equal amounts of oil. 

For purely practical reasons the statements found in the 
second volume as to the total alcohol are made throughout 
without reference to the ester content of the original oils. In 
other words, they are the values derived directly from the ester 
values of the acctylized oil. For practical purposes this will 
suffice in general, as the differences arc not appreciable. 
In the case of geranium oil, however, appreciable differences 
occur. This is due not only to the presence of a higher ester 
content, but also to the fact that the esterified alcohol of the 
original oil is combined with tiglic acid, whereas the formula 
considers only acetic acid. In this instance, therefore, the amount 
of originally esterified alcohol and the amount of free alcohol 
receive separate consideration; also the total amount of alcohol 
derived from the two is recorded. But here also the apparent 
alcohol content derived from the acetylation value (ester value 
after acetylation) is also recorded. 

The reaction between alcohol and acetic acid anhydride is 
quantitative in the case of borneol, /soborneol, geraniol, 1 ) menthol 4 ) 
and santalol, hence enables an accurate determination of these 
substances. Less fortunate are the conditions with the tertiary 
alcohols linalool and terpineol, as these, on boiling with acetic 
acid anhydride, arc partly decomposed by splitting off water 

! ) Bertram and Gildemeister, Journ. f. prakt. Chem. II. 40 (1894), 189. 

*) Power and Weber, Pharm. Rundsch. (New York) 12 (1894), 162; Arch, 
der Pharm. 282 (1894), 653. 
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Verlcy and Bolsing ') have tried to simplify the acetylation 
process. They esterify the oil with a definite amount of acetic 
acid anhydride in the presence of pyridine, titrate the acetic acid 
not combined with the alcohol, and compute the alcohol content. 
The method has not proven satisfactory with the terpene alcohols, 
but yields better results with the phenols. Hence it is applied, 
if at all, in connection with the latter (comp. p. 593). 

In like manner, the attempts to apply Schryver’s method for the 
determination of phenols (p. 592) to alcohols has proven a failure.-) 


FORMYLATION. 


As has already been pointed out under citroncllol (p. 365), 
this alcohol is converted into the formate when boiled with formic 
acid, whereas other terpene alcohols, such as gcraniol and linalool, 
are either dehydrated to tcrpcncs or are completely decomposed; 
The course of the reaction is so quantitative that it can be utilized 
for the assay of citronellol-containing oils. 3 ) In the presence of 
larger amounts of other alcohols the results are apt to be too 
high, due to the disturbance in the ratio of constituents produced 
by the formation of water. For practical purposes, however, 
the results may suffice. 

The formylation is effected by heating for an hour 10 cc. 
of oil with twice its volume of strong formic acid (d lv 1,226) in 
an acetylation flask either on a water bath or better still on a 
sand bath so as to maintain gentle boiling. If a water bath is 
used the mixture should be shaken repeatedly. When cooled 
the contents of the flask arc diluted with water and washed 
until neutral. The remaining part of the process is conducted 
as described under acetylation. 

The citroncllol content can be computed with the aid of 
the following formula: 


f H O a '7,1 8 
,ff *' s — a • 0,014 


in which a represents the number of cc. of half-normal alcoholic 


’) Berl. Berichte M (1901), 3354. 

Report of Schimmel $ Co. October 11X4, 129. 
’) Report of Schimmel $ Co. April IStOl, 47. 
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m stands for the molecular weight of the respective alcohol, 

<3, for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of the original oil, 

a., for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of acctylized oil. 

Hence in both instances the amounts of potassium hydroxide 
solution pertain to equal amounts of oil. 

For purely practical reasons the statements found in the 
second volume as to the total alcohol are made throughout 
without reference to the ester content of the original oils. In 
other words, they are the values derived directly from the ester 
values of the acctylized oil. For practical purposes this will 
suffice in general, as the differences arc not appreciable. 
In the case of geranium oil, however, appreciable differences 
occur. This is due not only to the presence of a higher ester 
content, but also to the fact that the esterified alcohol of the 
original oil is combined with tiglic acid, whereas the formula 
considers only acetic acid. In this instance, therefore, the amount 
of originally esterified alcohol and the amount of free alcohol 
receive separate consideration; also the total amount of alcohol 
derived from the two is recorded. But here also the apparent 
alcohol content derived from the acetylation value (ester value 
after acetylation) is also recorded. 

The reaction between alcohol and acetic acid anhydride is 
quantitative in the case of borneol, /soborneol, geraniol, 1 ) menthol 4 ) 
and santalol, hence enables an accurate determination of these 
substances. Less fortunate are the conditions with the tertiary 
alcohols linalool and terpineol, as these, on boiling with acetic 
acid anhydride, arc partly decomposed by splitting off water 

! ) Bertram and Gildemeister, Journ. f. prakt. Chem. II. 40 (1894), 189. 

*) Power and Weber, Pharm. Rundsch. (New York) 12 (1894), 162; Arch, 
der Pharm. 282 (1894), 653. 
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hydrazine, after some time the hydrazone which has formed is 
separated by filtration, and the unchanged phenyl hydrazine in 
the filtrate oxidized with boiling Fehling’s solution. By this 
treatment all the nitrogen of the phenyl hydrazine which has 
not taken part in the reaction is liberated as gas. From the 
volume of the collected nitrogen the amount of the unused phenyl 
hydrazine can be calculated. From this the amount which has 
gone into combination is known and consequently the amount of 
the ketone or aldehyde present. The amount of carbonyl oxygen, 
expressed in Vn> percents is designated as carbonyl number. 

With bitter almond oil (bcnzaldehyde), cumin oil (cuminic 
aldehyde), and rue oil (methyl nonyl ketone) this method yields 
fairly good results. With cassia oil, caraway oil, fennel oil and 
lemon oil, however, the determinations fall far too low,') possibly 
because the time allowed does not suffice for the quantitative 
completion of the reaction. 

The modification of the above method proposed by Rother*) 
has met with a similar fate. It likewise yields satisfactory results 
in a few instances only. The aldehydes and ketones are converted 
into phenylhydrazoncs by means of a definite amount of phenyl- 
hydrazine. It differs, however, from the original method in this 
that the excess of phcnylhydrazinc is allowed to react with iodine 
and the excess of iodine is titrated with thiosulphate solution. 

For the assay of aldehydes and ketones we are, therefore, 
dependant on several methods, of which the most important in 
actual practice arc here described. The determination is mostly 
volumetric or titrimctric, seldom gravimetric. The best known 
and most commonly used method is the 

bisulphite method. It was first introduced in 1890 s ) by 
Schimmel Co. for the cinnamic aldehyde assay of cassia oil. 
At present it plays an important role in the assay of oils containing 
cinnamic aldehyde or citral. The method depends on the property 
of both cinnamic aldehyde and citral to dissolve in hot concentrated 
sodium bisulphite solution with the formation of sulphonates, 
hence can be abstracted quantitatively from the oils, whereas the 

') Report of Schimmel ft Co. October 1HU3, 52. 

*) Die Bestimmung der Aldehyde und Ketone zur Ben rtei/ung atherischer 
Ole. Inaug. Dissert. Dresden 1907. 

a ) Report of, Schimmel ft Co. October 1MNI, 15. 
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non-aldehyde constituents remain undissolved. The amount of 
dissolved oil reveals its aldehyde content. 

For this determination a special glass flask (cassia flask, 
aldehyde flask, fig. 75) is used. It has a capacity of about 100 cc., 
is provided with a neck 13 cc. long, the inner diameter of which 
is 8 mm., and which is calibrated into 1 i« cc. The entire neck 
of the flask has a capacity of about 6 cc. The zero point of 
the scale is placed slightly above the transition 
point of the flask into the neck. 

By means of a pipette, 10 cc. 1 ) of oil are 
transferred to the flask and an equal volume 
of 30 p. c. sodium acid sulphite'-) solution is 
added. The mixture is shaken and the flask 
placed in a boiling water bath. After the solid 
mass has become liquid more acid sulphite 
solution is added until the flask is at least 
three-quarters full, the mixture being con- 
stantly heated and occasionally shaken. The 
solution is heated until no more solid particles 
arc visible and the odor of aldehyde has dis- 
appeared. When the clear oil floats upon the 
salt solution, flask and contents arc allowed 
to cool and sufficient acid sulphite solution is 
added until the oily layer is well within the 
neck of the flask. Should drops of oil adhere 
to the flask these are induced to rise into the 
neck by gentle tapping and rotation of the 
flask. The number of cc. of oil is read off, and by deducting 
this number from ten, the aldehyde content in percentage by 
volume is ascertained by multiplying the resultant with ten. In 
order to obtain the percentage by weight the number obtained 
is multiplied with the specific gravity of the aldehyde in question 
and the product divided by the specific gravity of the oil. 

') In the case of oils that contain less than 40 p. c. of aldehyde only 
3 cc. are taken or a flask is used the neck of which has a capacity of 10 cc. 
and is calibrated from 1 to 10. 

s ) Care should be taken that the solution does not contain too much 
free sulphurous acid since this retards the reaction. If necessary, the solution 
should be neutralized somewhat by the addition of sodium carbonate. 




584 


The examination or volatile oils. 


As already pointed out, this method is used for the quantitative 
determination of cinnamic aldehyde and citral, which go into 
solution as sulphonatcs. It can, however, be used also in con- 
nection with those aldehydes the bisulphite addition products 
of which arc soluble in water as such, e. g. benzaldehyde, anisic 
aldehyde, phenyl acetaldehyde. 10 cc. of the aldehyde in question 
are shaken with 40 to 50 cc. ot a 30 p. c. sodiumbisulphite solution 
in an aldehyde flask, and the reaction product dissolved, with 
the aid of gentle heat, in additional water (not sodium bisulphite 
solution). The oil that has not taken part in the reaction is 
driven into the calibrated neck by adding more water. Its volume 
is read off as soon as the contents of the flask have assumed 
room temperature. Prolonged standing frequently causes the 
bisulphite compound to crystallize out again. 

Closely related to the bisulphite method is the 

Sulphite method, which is based on the observation that 
certain aldehydes and ketones react with neutral sodium sulphite 
to form water soluble compounds with the simultaneous formation 
of sodium hydroxide. In as much as the latter tends to reverse 
the reaction, it should be neutralized with dilute acid from time 
to time as it is formed. It was Tiemann 1 ) who, in connection 
with his studies on citral, first pointed to the application of this 
reaction for quantitative determinations. Somewhat later Sadtler * 2 ) 
claimed that the method was generally applicable for the quan- 
titative determination of saturated and unsaturated aldehydes 
both of the aliphatic and aromatic series, and was also applicable 
in the case of several ketones. According to his method the 
free alkali is titrated with half-normal hydrochloric acid. It suffers 
from the disadvantage that the sodium sulphite solution cannot 
be titrated sharply, hence the end of the reaction can be 
determined only approximately. Accurate results are, therefore, 
not obtainable. 

Practical significance the sulphite method has acquired only 
through the modification suggested by Burgess. 11 ) The process 
is as follows: 

‘) Bert. Berichte 31 (1898), 3317. 

*) Americ. Joum. Pharm. 73 (1904), 84; Journ. Soc. chem. Industry 23 (1904), 
303; Journ. Americ. chem. Soc. 27 (1905), 1321. 

a ) Analyst 211 (1904), 78. 
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To 5 cc. of the oil to be examined and contained in a cassia 
flask 1 ) a freshly prepared saturated (40 p. c.) solution of neutral, 
crystalline sodium sulphite and a few drops of phenolphthalein 
are added. The mixture is heated in a water bath while frequently 
shaken. The sodium hydroxide set free is almost neutralized 
from time to time with dilute acetic acid (1 : 5) until even the 
addition of more sodium sulphite solution causes no further 
reddening while the mixture is being heated. Water is then added 
to drive the non-dissolved oil into the neck of the flask where, 
upon cooling, its volume is read off on the scale. Multiplication 
of the number of cc. of oil with 20 yields the volume percentage 
of aldehyde or ketone in the oil. 

Although this method is by no means as applicable*) as 
claimed by Sadtlcr and Burgess, it is applicable in several cases 
where the bisulphite method fails. Its principal value lies in the 
possibility to assay carvonc and pulcgonc, of which the former 
reacts smoothly and rapidly with neutral sodium sulphite. In 
the case of pulcgonc the reaction is much slower, several hours 
being required at times to bring the process to completion. 

Satisfactory results arc also obtained with citral and cinnamic 
aldehyde. It should be remembered, however, that the results 
may deviate somewhat from those obtained with the bisulphite 
method in the case other aldehydes arc present. This is true c. g 
in the case of leniongrass oil which gives higher results with 
the bisulphite method than with the sulphite method. This is due 
to the fact that neutral sodium sulphite reacts with citral only 
whereas the other aldehydes present in leniongrass oil, likewise 
a part of the methylheptenone react with the bisulphite. It is 
urged, therefore, that in connection with statements as to the 
aldehyde content of oils, the method be mentioned according to 
which the aldehyde assay was made. 

Which of the two methods is to be preferred in individual 
cases depends alltogether on the nature of the oil in question. 

‘) Burgess makes use of a flask of 200 cc. capacity which differs from 
the ordinary cassia flask in being furnished with a tube, attached to the side 
of the neck, that leads to the bottom of the flask and serves for the addition 
of the liquids. The common cassia flasks, however, are much more convenient 
and serviceable, but it is best to use one with 200 cc. capacity and to take 
10 cc. of oil for the sake of greater accuracy. 

4 ) Report of Schimmel $ Co. April HMtt, 103. 
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According to Burgess, one of the advantages of the sulphite 
method consists in the absence of crystalline deposits which are 
occasionally formed at the zone of contact between oil and water 
in the case of the bisulphite method and which disturbing factor 
at times prevents an accurate reading of the volume of the oily 
layer, Schimmel $ Co., however, observed that such depositions 
are also produced in the case of the sulphite method. 

For the assay of cinnamic aldehyde the gravimetric method 
of Hanus 1 ) can be utilized. It yields very accurate results and 
is especially applicable when only small amounts of oil are 
available. In the case of the Ceylon cinnamon oil, the results 
deviate from those obtained with the bisulphite method by as 
much as 4 to 5 p. c., even if the latter arc computed in percentage 
by weight. Presumably this difference is due to the presence of 
other aldehydes which arc determined with the cinnamic aldehyde 
by the bisulphite method.'-) 

Hanus separates the cinnamic aldehyde as semioxamazone 
CONH-N: CHCH : CHC„H. 

I 

CONK. 

and proceeds according to the following method: 

To 0,15 to 0,2 g. of oil, contained in a 250 cc. Erlenmcyer 
flask, 85 cc. of water are added and the oil finely divided by 
shaking. In order to make possible a fine division of the oil and 
thus to prevent a part of the aldehyde to be coated by semi- 
oxamazone thereby preventing it from taking part in the reaction, 
it is expedient to dissolve the oil in 10 cc. of alcohol (95 to 96 per- 
cent by volume) before adding the water. One and one-half 
times the amount of semioxamazide,") dissolved in 15 cc. of hot 
water, are then added and the mixture shaken thoroughly for 
5 minutes. It is then set aside for 24 hours with occasional 
shaking. Care should be taken to shake the mixture repeatedly 
during the first three hours. The flocculent precipitate of semi- 

‘) Zeitschr. Untersuch. der Nahrungs- u. Genufimittel 0 (1903), 817. Comp, 
also Report of Schimmel $ Co. April 11H4, 19. 

,J ) Report of Schimmel $ Co. April 1004, 21. 

■) As to the method of preparation comp. Kerp and Unger, Berl. Berichte 
30 (1897), 585; also Weddige, Journ. f. prakfT CjejJwlO (1874), 196. 
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oxamazone is filtered by means of a Gooch crucible (prepared 
with asbestos, dried and weighed), washed with cold water and 
dried at 105° until of constant weight. If a is the amount of 
cinnamic aldehyde semioxamazone, s the amount of oil used, 
the percentage of cinnamic aldehyde can be computed with the 
aid of the formula 

*7 • 60,83 
s 

This method can also be used for determining the amount 
of cinnamic aldehyde in cinnamon bark. For this purpose 
Hanus gives special directions. 

For the determination of small amounts of aldehyde neither 
the bisulphite nor the sulphite method is adapted since both 
yield results that may vary from 1 to 2 p. c. Hence the error 
is too great for small amounts of aldehyde. For cinnamic aldehyde 
the method of Hanu$ affords a reliable assay in such cases. 

Small amounts of benzaldehydc can be determined, ac- 
cording to Herissey, 1 ) as phenylhydrazone according to the 
following method: 

50 cc. of the solution to be examined, which should contain 
only so much aldehyde as to yield 0,1 to 0,25 g. of phenyl- 
hydrazone, are mixed with a solution of 0,5 cc. freshly distilled 
phenylhydrazine and 0,25 cc. glacial acetic acid in 50 cc. of 
water and the mixture heated for 20 to 30 minutes on a water bath. 
After 12 hours the phenylhydrazone formed is filtered through a 
weighed Gooch crucible, washed with 20 cc. water and dried in 
a vacuum desiccator. 

Very similar is the method of Denis and Dunbar.*) Woodman 
and Lyf ord :l ) have suggested a colorimetric method for this purpose 
which need not be considered here. 

The problem of the citral assay of lemon oil, which con- 
tains about 4 to 7 p. c. of this aldehyde, has received much 
attention from chemists, particularly in recent years. Of the 
many methods proposed not one has thus far been found practi- 

l ) Journ. de Pharm. et Chim. VI. 28 (1906), 60. 

J ) Journ. Ind. and Eng. Chem. 1900, 256. According to Chem. Ztg. Repert. 
:» (1909), 281. 

8 ) Journ. Americ. chem. Soc. 80 (1908), 1607. 
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cable since all fall short in the desired degree of accuracy. 
(For details see under oil of lemon.) If approximate results are 
sufficient the method proposed by Walther 1 ) and as improved 
by A. h. Bcnnet -) can be recommended: To a mixture of20cc. 
lemon oil with 20 cc. alcoholic (80 p. c. alcohol) half-normal 
hydroxylamine hydrochloride solution, 8 cc. of alcoholic normal 
potassium hydroxide solution and 20 cc. of strong, aldehyde-free 
alcohol arc added and the whole boiled for 1 •* hour, the flask 
being connected with a reflux condenser. After cooling the 
contents are diluted with 250 cc. of water, part of which is used 
to rinse the condenser. The hydrochloric acid still combined 
with hydroxylamine is then neutralized, phcnolphthalcin being 
used as indicator. The hydroxylamine not combined with citral 
can now be titrated with half-normal sulphuric acid, the end of 
the reaction being ascertained by testing a drop at a time with 
dilute methylorange solution. A blank test is made in like* 
manner without lemon oil for the purpose of determining the 
hydroxylamine factor. The difference between the number of 
cc. of half-normal sulphuric acid used in both tests reveals the 
amount of hydroxylamine that has entered into reaction. By 
multiplying this with 0,076 the amount of citral can be computed. 

As has been ascertained by Schimmcl £j Co. ! ) the results 
obtained by this method average about 10 p. c. too low as com- 
pared with the amount of citral present. For lemon oils, with 
their low citral content, the error may not be too great, but for 
oils, such as lemongrass, with a high percentage of aldehyde 
the method cannot be used. 

Vanillin. For thy assay of vanillin, its compounds with 
^-naphthylhydrazine und p-bromphenylhydrazine may, according 
to HanuS, 4 ) be utilized. For every part of vanillin 2 to 3 parts 
of hydrazine are taken. After 5 hours the reaction products are 
collected in a Gooch crucible, washed, and dried at 90 to 100° 
until of constant weight. 

') Pharm. Zentralh. 40 (1899), t>2l; 41 (1900), b!4. 

*) Analyst :U ( 1909 ), 14. According to Zentralbl. 1 1HW, I. 593. 

*) Report of Schiinmel $ Co. October 1M11, 153. 

4 ) Zeitschr. Untersuch. der Nahrungs- u. Genuflmittel 3 (1900), 531. Ac- 
cording to Chem. Zentralbl. 1900, 11. b93. 
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cinnamic aldehyde semioxamazone, s the amount of oil used, 
the percentage of cinnamic aldehyde can be computed with the 
aid of the formula 
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This method can also be used for determining the amount 
of cinnamic aldehyde in cinnamon bark. For this purpose 
Hanus gives special directions. 

For the determination of small amounts of aldehyde neither 
the bisulphite nor the sulphite method is adapted since both 
yield results that may vary from 1 to 2 p. c. Hence the error 
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the method of Hanu$ affords a reliable assay in such cases. 

Small amounts of benzaldehydc can be determined, ac- 
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following method: 

50 cc. of the solution to be examined, which should contain 
only so much aldehyde as to yield 0,1 to 0,25 g. of phenyl- 
hydrazone, are mixed with a solution of 0,5 cc. freshly distilled 
phenylhydrazine and 0,25 cc. glacial acetic acid in 50 cc. of 
water and the mixture heated for 20 to 30 minutes on a water bath. 
After 12 hours the phenylhydrazone formed is filtered through a 
weighed Gooch crucible, washed with 20 cc. water and dried in 
a vacuum desiccator. 

Very similar is the method of Denis and Dunbar.*) Woodman 
and Lyf ord :l ) have suggested a colorimetric method for this purpose 
which need not be considered here. 

The problem of the citral assay of lemon oil, which con- 
tains about 4 to 7 p. c. of this aldehyde, has received much 
attention from chemists, particularly in recent years. Of the 
many methods proposed not one has thus far been found practi- 

l ) Journ. de Pharm. et Chim. VI. 28 (1906), 60. 

J ) Journ. Ind. and Eng. Chem. 1900, 256. According to Chem. Ztg. Repert. 
:» (1909), 281. 

8 ) Journ. Americ. chem. Soc. 80 (1908), 1607. 
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Menthone. Thus far the direct assay of menthone has not 
been a success. Hence one is still dependent on the indirect 
method first proposed by Power and Kleber, 1 ) whereby the ketone 
is reduced to menthol by means of .sodium and alcohol, and the 
menthol determined quantitatively. As has been shown in con- 
nection with mixtures of known menthone content, approximate 
results only are obtained. For practical purposes they may, 
however, suffice in most instances. The assay is carried out as 
follows: 15 cc. of oil, contained in a round bottomed flask, are 
diluted with about four times their volume of absolute alcohol, 2 ) 
the flask connected with a reflux condenser and the solution 
heated to boiling. To the boiling solution 5 to 6 g. metallic 
sodium arc added very gradually. After all of the sodium has 
been consumed, the mixture is allowed to cool, diluted with 
water and acidulated with acetic acid. By means of a separating 
funnel the oil is separated from the aqueous liquid, washed* 
repeatedly with sodium chloride solution for the purpose of 
removing completely the ethyl alcohol, and dried with anhydrous 
sodium sulphate. By means of acetylation the menthol content 
of the original as well as that of the reduced oil is ascertained, 
thus revealing the amount of menthol produced by the reduction. 
From this the amount of menthone contained in the original oil 
can be computed. If the original oil contained m 1 % total menthol, 
and the reduced oil //? s n '% the percentage of menthone of the 
original oil follows from the formula 

{ffl„ — /77|) • 154 
156 

lonone. For the quantitative determination of ionone see 
p. 468. 

PHENOL DETERMINATION. 

For the determination of phenols the method of shaking out 
with dilute sodium hydroxide solution has proven satisfactory. 

‘) Pharm. Rundsch. (Mew York) 12 (1894), 162; Arch, der Pharm. 282 
(1894), 655. 

*) Absolute alcohol is preferable to such containing water, since the 
reduction is more complete and the sodium alcoholate formed is kept better 
in solution. Beckmann, Joum. f. prakt. Chem. 11. 55 (1897), 18. 
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It was first applied by Gildemeister 1 ) to oil of thyme, is readily 
carried out and for practical purposes is sufficiently accurate. 
In as much as all phenols yield water-soluble compounds with 
the alkalies, the method is quite generally applicable for volatile 
oils. However, as has been pointed out by Schimmel ft Co.,*) 
the concentration of the alkali :1 ) has to be chosen with reference 
to the phenol to be determined. For thymol or carvacrol-containing 
oils (oils of ajowan, thyme, Cretian origanum oil) a five percent, 
solution is employed as originally suggested by Gildemeister 
(he. cit.). Eugenol-containing oils (oils of clove, clove stems, 
pimenta, bay and cinnamon leaves), however, arc to be shaken 
out with a three percent, solution. If in the latter case a stronger 
solution is used, the results obtained arc too high, for the excess 
of alkali together with the eugcnol alkali exercice a solvent capacity 
on the nonphenol constituents, more particularly those containing 
oxygen. It may happen that oils with a high cugenol content 
arc completely dissolved in the alkali. For this reason UmncyV) 
proposition to use a 10 to 12p.c. caustic potash solution is to 
be rejected, for the results obtained arc always too high. The 
idea might readily suggest itself always to use a three percent 
solution. However, it has been shown that thymol and carvacrol 
arc not quantitatively removed by such a solution. 

The assay is conducted in the following manner: To 10 cc. 
of oil contained in a cassia flask that has a capacity of at least 
100 cc. (fig. 75, p. 583) enough three or five percent, caustic soda 
solution is added to fill the flask about four-fifths. The mixture 
is thoroughly and repeatedly shaken. That portion of the oil 
which has not entered into reaction is driven into the neck of 
the flask by the addition of more lye. Gentle tapping or rotation 
of the flask are resorted to, if necessary, to cause any oily drops 
that adhere to the glass walls to rise into the neck. After all 
of the nonphenols have risen into the neck, a process that usually 

*) Hager, Fischer and Hartwich, A 'ommentar zum Anneibucb fur das 
Deutsche Reich. 3. Ausgabe. Berlin 1892. 1. Ed., Vol. II, p. 377. 

*) Report of Schimmel § Co. April 1907, 118. 

*) It should be specially mentioned that it makes no difference whether 
soda lye or potash lye be used. Because of the higher molecular weight of 
the latter, somewhat more solution, however, will have to be used. 

*) Pharmaceutical Joum. 111. 25 (1895), 951. 
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requires several hours, their volume is read off by means of the 
calibration. Substracting this number from 10 yields the amount 
of oil dissolved and multiplication of this number with 10 the 
phenol content of the oil expressed in volume percent. 

In the case of oil of cloves, the mixture is heated in a 
water bath for 10 minutes. The object of this is to saponify 
the aceteugenol, which is of equal value in the assay of the oil, 
and to determine it together with the free eugenol. 

In place of the cassia flask a large burette can be used. 
In as much as these burettes, as a rule, have a capacity of but 
00 cc., they should be used only where a five percent lye is 
applicable. Otherwise it might occur that the amount of alkali 
should prove insufficient for the complete solution of the phenol. 
In the case of oil of cloves a cassia flask will be used for the 
reason that the mixture is to be heated on a water bath. 

If for the purpose of identification the phenol is to be isolated*, 
the phenol-containing lye is separated from the oil, filtered through 
a moist, hardened filter, and the phenol regenerated by means 
of dilute sulphuric acid. The liberated phenol is shaken out with 
ether, the solution transferred to an evaporating dish, and the 
ether evaporated. The residual phenol can be identified by 
means of suitable derivatives. Thymol is identified readily since 
it solidifies upon cooling either by itself or when inocculated 
with a fragment of thymol. 

Other methods for the quantitative determination of phenols 
have been worked out by Schryver, by Vcrley and Boelsing, 
and by Hesse. However, they are not used as commonly as 
the one described. Under special circumstances, however, the 
one or the other mcjhod may prove useful, more particularly if 
only little oil is available. 

Schryver 1 ) makes use of the property of sodium amide, 
NaNH,, to react with the phenols in such a way that the phenol 
hydrogen is replaced by the sodium and ammonia is set free. 
The latter is combined with acid and titrated. 

The process is carried out in the following manner. About 
\ ol Ys> \& a \vrit pokier, was\te& two 

or three times by decantation with benzene, and transferred to 


') Journ. Soc. chem. Industry is (18991 ,^ 53 . 
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a 200 cc. flask with a wide neck, which is provided with a 
separating funnel and a condenser. 50 to 60 cc. of benzene 
free from thiophene are then transferred to the flask and boiled 
on a water bath. At the same time air free from carbon dioxide 
is drawn into the flask by means of a suction pump and through 
the separating funnel, the stem of which passes beneath the surface 
of the benzene. After boiling for ten minutes the last traces 
of ammonia adhering to the sodium amide have been drawn 
off. 20 cc. of normal sulphuric acid are then given into a receiver 
and this connected with the condenser. Now a solution of 1 to 
2 g. of the phenol or of the volatile oil are allowed to flow slowly 
from the separating funnel into the boiling mixture of sodium 
amide and benzene. The separating funnel is washed with some 
benzene and air is sucked through the apparatus until all of the 
ammonia has been absorbed by the acid in the receiver. This 
usually requires one and a quarter hours. Finally, the excess of 
sulphuric acid in the receiver is titrated with sodium carbonate 
solution, methyl orange being used as indicator. The result is 
expressed as percent of phenol or, in the case of unknown phenols, 
as hydroxyl number. The “hydroxyl value” is defined by Schryver 
as the number of cc. of normal sulphuric acid necessary to neu- 
tralize the ammonia set free by 1 g. of substance if the conditions 
described above are followed. 

This method, which determines only free phenols, is appliciable 
only for such oils that are free from alcohols, aldehydes and 
ketones, to those oils that arc mixtures of phenols and terpcncs. 1 ) 
On account of the great capacity of the amide to react with water, 
the oils must be, in addition, absolutely free from moisture. 

The method of Verley and Bcelsing ’) Vs based on the ob- 
servation that the phenols react energetically in the cold with 
acetic acid anhydride provided pyridine be present. The acetic 
acid resulting combines directly with pyridine. In as much as 
pyridine is neutral towards phenolphthalcin, the acetic acid not 
combined with phenol can be determined titrimetrically. For the 
assay about 3 g. of oil are heated for 15 minutes with 25 cc. of 
a mixture of 120 g. acetic acid anhydride and 880 g. pyridine 


4 ) Report of Schimmel & Co. October 1004, 129. 
*) Berl. Berichte U (1901), 3354. 

Gildemeister, The volatile oils. 


38 
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in a 200 cc. flask without condenser on a water bath. Upon 
cooling an equal volume of water is added to convert any un- 
changed acetic acid anhydride into acetic acid, /. c., into pyridine 
acetate. The acetic acid not combined with phenol is then titrated 
back, using phcnolphthalcin as indicator. In like manner the 
acetic acid content of 25 cc. of the mixture is established. Sub- 
traction reveals the amount of acetic acid combined with the 
phenol, whence the phenol content of the oil can be computed. 

Phenol present as ester, e. accteugcnol in oil of cloves, 
is not determined by this method. However, it should be noted 
that the oils to be examined should contain no alcohols since 
these react like the phenols. 

According to the method proposed by Hesse, 1 ) phenols and 
more particularly phenol carboxylic esters, such as salicylic 
acid, can be determined. The oil to be examined is dissolved 
as such, or after previous dilution with an indifferent solvent 
(benzyl alcohol) in three parts of anhydrous ether. To the cooled 
solution half-normal alcoholic potassium hydroxide is carefully 
added, when the potassium compound of the phenol or phenol- 
carboxylic ester separates in crystalline form. The crystals arc 
filtered off, washed with anhydrous ether, and decomposed with 
carbonic acid. The amount of phenol or ester set free can be 
determined by weight. If, in the case of small amounts, the 
alkali formed is to be determined titrimctrically, a considerable 
excess of potassium hydroxide should be avoided, otherwise it 
may occur that solid alkali as well as potassium phenylate may 
separate out. 

In addition to tkesc general methods several special methods 
are known which may here be described. 

For the determination of thymol and carvacrol in volatile oils 
Kremcrs and Schreiner’-) have worked out a method. It is a 
modification of the method recommended by Messinger and 
Vortmann ;l ) and depends upon the property of these phenols to 
combine, in alkaline solution, with iodine to a red iodine thymol 

‘) Cheni. Zeitschr. 2 (1903), 434. 

-) Pharm. Review 14 (189e), 221. 

Bcrl. Berichte 28 (1890), 2753. 
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compound which is precipitated. The excess of iodine, after 
acidulation of the liquid, can be titrated back with sodium 
thiosulphate solution. Every molecule of thymol, respectively 
carvacrol, requires 4 atoms of iodine for precipitation. 

The process for thymol, which differs slightly from that for 
carvacrol, is as follows: 

5 cc. of the oil to be assayed are weighed, transferred to a 
glass-stoppered burette that is calibrated into 1 >«> cc., and diluted 
with about an equal volume of petroleum ether. Five p. c. soda 
solution is added, the mixture well shaken and then allowed to 
separate. Complete separation having resulted, the alkaline 
solution is allowed to flow into a 100 cc. measuring flask and 
the shaking out with alkali solution repeated as often as a 
diminution of volume results. 

The alkaline thymol solution is diluted with 5 p. c. sodium 
hydroxide solution to 100 cc. or, il necessary, to 200 cc. 

To 10 cc. of this solution, transferred to a 500 cc. measuring 
/y 

flask, a slight excess of ^ iodine solution is added causing the 

thymol to be precipitated as a dark brown iodine compound. In 
order to test whether sufficient iodine has been added, a few drops 
are transferred to a test tube and several drops of hydrochloric 
acid added. If a sufficient amount of iodine has been added, 
the solution is colored brown by free iodine, otherwise it becomes 
milky due to precipitated thymol. An excess of iodine having 
been added, the solution is acidified with dilute hydrochloric acid 
and diluted to 500 cc. In 100 cc. of the filtrate the excess of 
IS 

iodine is titrated by means of ^ sodium thiosulphate solution. 

The number of cc. of thiosulphate solution are deducted 
from the volume of iodine used and the resultant multiplied by 
five, this product indicating the total amount of iodine used by 
the thymol. 

/y 

Each cc. of jq iodine solution consumed corresponds to 
0,0037528 g. thymol. 

From the amount of thymol found in the alkaline solution the 
percentage of phenol in the original oil can readily be computed. 

** 38 * 
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The reaction can he expressed by means of the following 
equation: 

C 10 h u O i-41-f 2NaOH C ll( H I2 I.,0 + 2Nal 4-2H 2 0. 

In the assay of carvacrol a slight modification becomes 
necessary because the carvacrol iodide separates milky. In order 
to cause the formation of a precipitate the mixture is shaken 
thoroughly after the iodine has been added and then filtered. 
It is only then that the solution is acidified with hydrochloric 
acid. The process after that is the same as for thymol. The 
computation is likewise the same. 

A method for the assay of eugenol in caraway oil has been 
suggested by Thoms. 1 ) The method is based on the separation 
of eugenol as benzoyl eugenol. It enjoys the advantage that a 
melting point determination reveals identity as well as purity of 
the separated phenol. Somewhat later Thoms-) modified this 
method by removing the sesquiterpenes, which interfere at times', 
before adding the benzoyl chloride. He enlarged upon it by 
taking into consideration the eugenol acetate occurring in the oil. 

Assay of total eugenol. 5 g. of oil of cloves, contained in 
a 150 cc. beaker, are saponified with 20 g. of 15 p. c. caustic 
soda solution by heating on a water bath for half an hour. When 
still warm the contents of the beaker are transferred to a separating 
funnel with a short tube. After complete separation of the two 
layers, the solution of eugenol sodium is transferred back to 
the beaker. The sesquiterpenes remaining in the separating 
funnel are washed twice, each time with 5 cc. of 15 p. c. caustic 
soda solution and the lye in each case added to the eugenol 
sodium solution. 6 g. of benzoyl chloride are now added and the 
mixture shaken thoroughly until a uniform mixture has been 
obtained. In a few minutes the ester formation has taken place 
with appreciable rise of temperature. Any excess of benzoyl 
chloride is destroyed by brief heating on the water bath. After 
cooling 50 cc. of water are added, the mixture heated until the 
crystalline ester has been liquified, and again allowed to cool. 
The supernatant, clear liquid is removed by filtration, allowing 
the crystalline cake to remain in the beaker. Again 50 cc. of 

l ) Berichte d. deutsch. pharm Ges. 1 (1891), 278. 

*) Arch, der Pharm. 241 (1903), 592. 
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water are added, heated on a water bath until the ester has 
melted, cooled and filtered. Finally, the ester is washed a third 
time in like manner with 50 cc. of water. The excess of caustic 
soda and sodium salts arc then regarded as having been removed. 

Any crystalline particles that have been cought in the filter 
are retransferred to the beaker. The benzoyl cugcnol, while still 
moist, is dissolved in 25 cc. of alcohol (90 p. c. by weight) with 
the aid of the heat of the water bath and gentle agitation. Even 
after the beaker has been removed from the water bath, the 
shaking is continued until the benzoyl eugenol has crystallized 
out. This takes place within several minutes. The temperature 
of the mixture is lowered to 17 ', the precipitate collected on a 
filter 9 cm. in diameter, and the filtrate collected in a graduated 
cylinder. About 20 cc. of filtrate arc thus obtained. The alcoholic 
solution that has been retained by the crystalline magma in the 
filter is displaced by 90 p. c. (by weight) alcohol until the filtrate 
amounts to 25 ccm. The moist filter and precipitate arc then 
transferred to a weighing dish (the latter together with the 
filter dried at 101 having been weighed previously), and dried 
at 101 until of constant weight. In as much as 25 cc. of 90 p. c. 
alcohol dissolve 0,55 g. of pure benzoyl eugenol at 17 , this 
amount should be added to the amount weighed. 

If a stands for the amount of benzoic ester found, b for 
the amount of clove oil employed (about 5 g.), and if 25 cc. of 
alcoholic solution of ester arc removed by filtration in accordance 
with the above directions, then the percentage of eugenol in 
clove oil is indicated by the formula 

4100 («H 0,55) 

67 b * 

This formula results from the two equations: 


(Benzoyl eugenol) (Eugenol) 

268 164 - (<7 t- 0,55) : the amount of eugenol found. 


Eugenol 


164 *(5 + 0,55) 
268 


Hence b\ 


1 64 • (<3 -f- 0,55) 
268 


100 :*. 


164- (a + 0,55) 100 4100 (a ~ 0,55) 

268 A 67 b t 
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Assay of /ret* eugcnof . 5 g. of clove oil dissolved in 20 g. 
ether are quickly shaken out in a separating funnel with 20 g. 
of 15 p. c. caustic soda solution. The cugenol sodium solution 
is transferred to a beaker and the ethereal solution of sesqui- 
terpenes is washed twice with 5 g. each of caustic soda solution 
of like strength. The united alkaline solutions arc heated on a 
water bath for the purpose of driving off the ether and the 
benzoylation carried out in the manner described above. 

Thus the free cugenol as well as that present as ester can 
be determined quantitatively. Thom's method can be applied 
equally well to other eugenol-containing oils provided they con- 
tain no free alcohols. 

METHYL NUMBER. 

A number of volatile oils contain as important constituents 
methyl and ethyl ethers of phenols and acids, the alkyl groups 
of which can be determined according to /eisel’s method. 1 ) Bcnc- 
dikt and Griissner-) have recommended the quantitative methoxyl 
determination for the practical and scientific investigation of 
volatile oils, and have shown its usefulness by a series of 
illustrations. They designate as methyl number that number 
which tells how many mg. of methyl 1 g. of substance splits off 
when boiled with hydriodic acid. Ethyl or propyl and /sopropyl 
arc here considered as having been replaced by the equivalent 
amount of methyl. The weighed amount of silver iodide is 
therefore in all cases calculated as methyl. 

The vapors of methyl iodide formed by boiling from 0,2 to 
0,3 g. of the oil to be ifivestigated with hydriodic acid (sp. gr. 1,70, 
to which, according to Herzig 1 ) 8"« of acetic acid are added) 
are first passed through some warm water in which some phos- 
phorus is suspended, so as to retain any iodine vapors which 
may have been carried over. After the methyl iodide has passed 
through this apparatus it is passed into an alcoholic solution of 
silver nitrate and the separated silver iodide weighed. 

') Monatsh. f. Chem. (5 (1885), 989. 

*) Chem. Ztg. 13 (1889), 872, 1087. 

*) Monatsh. f. Chem. 9 (1888), 544. 
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A very convenient apparatus lias been designed by L. Ehmann *) 
for carrying out this determination. 

Gregor ’) has recently suggested to replace the phosphorus 
suspended in water by a solution of one part cacli of potassium 
bicarbonate and arsenous acid in 10 parts of water, by which 
not only the iodine vapors but also any hydriodic acid carried 
over is retained, her collecting the methyl iodide Gregor uses 
a ' normal silver nitrate solution which has been acidified with 
nitric acid and titrates back the silver not used for the precipitation 
of the silver iodide with 1 ■» normal potassium sulphocyanate 
solution according to Volhard. 

Of the oils investigated by Benedikt and Griissncr the following 
gave no methyl numbers: the oils of wormwood, bitter almond, 
angelica, bergamot, caraway, lemon, copaiba-balsam, coriander, 
cubeb, elemi, eucalyptus, geranium, juniper, cherry laurel, lavender, 
spearmint, peppermint, olibanum, oil of Pin us nionhinn, savin, 
East Indian and West Indian sandalwood, turpentine and valerian. 

High methyl numbers were given by anise oil, star anise oil 
and fennel oil on account of their content of anethoi and methyl 
chavicol, by clove oil, clove stem oil and oil of cinnamon leaves 
on account of their content of cugenol. In wintergreen oil the 
high methyl number is due to the methyl salicylate, in paisley 
oil to the apiol, and in calamus oil to its asaronc ’) content. 

The determination is applicable only to oils absolutely free 
from alcohol, as ethyl alcohol itself gives a methyl number, 
from which it follows, that this method may also be used for 
the quantitative estimation of alcohol in those oils which in their 
pure condition do not contain any niethoxyl groups.’) 

') Description and illustration of the appaktus arc to be found in 
Chem. Ztg. 14 (18*40), 1707. 

') Monatsh. f. Chem. 1» (18*48), 116. 

') Thorns and Beckstroem, Berl. Berichte to (1*402), .J1**1. 

<) The methyl numbers of some of the oils examined by Benedikt and 
Grussner can be explained only by assuming the presence of alcohol. It is 
to be regretted that the physical constants of the oils were not recorded so 
that some judgement might be passed on their purity. For the Ceylon 
cinnamon oil marked No. 22 in the paper of Benedikt and Grussner they find 
25,7 as methyl number and compute therefore a 28,1 p.c. cugenol content. 
In as much as pure Ceylon cinnamon oil contains only 4 to 8 p. c. eugenol, 
it would seem to follow (provided the methyl number found was due only 
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CINEOL DETERMINATION. 

In addition to fractional distillation, several methods for the 
assay of cineol have been recommended. They all depend on 
the capacity of cineol to form addition products with certain other 
compounds. The description of the individual method is here given. 

1. Distillation method.') The oil to be examined is fraction- 
ated, fractions of two degrees each being collected, placed in a 
freezing mixture and their temperature reduced to - 15 to — 18". 
Attempts are then made to cause them to congeal by shaking 
or by introducing a cineol crystal. After having stood in the 
freezing mixture for an hour, the liquid portion is drawn off by 
means of a pipette drawn out to a fine point. With some ex- 
perience a well nigh dry mass of crystals can be obtained, from 
which the last traces of liquid can be removed by shaking the 
crystals. The liquified cineol of all fractions is united and weighed. 

In as much as a portion of the cineol remains dissolved in 
the tcrpencs, all of the cineol is not obtained by this method. 
Hence the method is applicable only then when it is desired to 
ascertain which of a number of oils is richest in cineol. 

2. Hydrogen bromide method. Into a solution of 10 cc. of 
oil in 40 cc. of low boiling petroleum ether (b. p. 35 to 40 ), 
thoroughly chilled in a freezing mixture, absolutely dry hydrogen 
bromide is passed so long as a precipitate continues to be formed. 
The purely white cineol hydrobromide (C I(l H ls O‘HBr) is quickly 
separated with the aid of a suction pump and washed with 
cold petroleum ether. Into the filtrate more hydrogen bromide 
is passed and, if additional precipitate results, this is collected 
separately and combined with the bulk of precipitate first obtained 
and separated. 

to eugenol) that the oil had been adulterated with cinnamon leaf oil rich in 
eugenol. This example reveals that the methyl numbers reported should be 
adopted cautiously. It would be desirable indeed to repeat the determinations 
in connection with oils the purity of which has previously been established 
by other means. Only thus can desirable data be obtained which will give 
this method practical value. For the scientific investigation of volatile oils 
the methoxyl determination should prove exceedingly valuable since it reveals 
the presence or absence of phenol ethers or acid esters containing methyl, 
ethyl or propyl groups. 

‘) Helbing’s Pharmacological Record No. VIII. London 1892, 
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In order to remove the petroleum ether, the cineol hydro- 
bromide is left in a vacuum desiccator for a quarter of an hour. 
It is then transferred to a cassia flask with the aid of a little 
alcohol and decomposed with water. I3y the addition of more 
water the cineol is raised into the neck of the flask and its 
volume read off by means of the graduated scale. Multiplication 
with 10 yields the percentage of cineol by volume in the oil. 

3. Phosphoric acid method,') adopted by the U. S. Phar- 
macopoeia, 8th decennial revision. To a solution of 10 cc. of oil 
in 50 cc. petroleum ether, which is thoroughly chilled in a freezing 
mixture, concentrated phosphoric acid is gradually added while 
stirring until the white precipitate (C iw H ih 0 H 3 P0 4 ) attains a 
yellowish or reddish tint. The crystalline mass is removed with 
the aid of a force filter, washed with petroleum ether, dried by 
pressing between porous plates, and decomposed with water. 
The regenerated cineol is measured and the volume percentage 
computed. 

Both the hydrobromic acid and phosphoric acid methods 
suffer form the drawback that their addition products with 
cineol arc readily dccomposible thus rendering difficult a quanti- 
tative separation. In consequence the results, as shown by 
Schimmel $ Co. 2 ) in connection with trial assays of mixtures of 
known cineol content, are unreliable. In part they deviate very 
materially from the true composition. [Nevertheless, the hydrogen 
bromide method may prove useful in cases where the cineol 
content is low since then all other methods fail. 

4. Resorcinol method. Recently a method has been worked 
out in the laboratory of Schimmel $ Co.*)'which depends on the 

') The method was first suggested by Helbing and Passmore who, however, 
employed no diluent. Helbing’s Pharmacological Record Mo. XXIV. London 
1893. Kebler attempted to introduce an improvement by titrating the phosphoric 
acid set free from the regenerated cineol after the cineol phosphate had been 
expressed. Americ. Journ. Pharm. 70 (1898), 492. If one, however, recalls how 
difficult it is to remove the sirupy phosphoric acid from the tough cineol 
phosphate cake, this change is not likely to enjoy the confidence of the analyst. 

*) Report of Schimmel $ Co. October 1007 , 47. 

a ) Report of Schimmel & Co. October 1007, 47; Wiegand and Lehmann, 
Chem. Ztg. 32 (1908), 109; Report of Schimmel 5 Co. April 1008, 52. 
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property of cineol to form an addition product with resorcinol 
which is soluble in an excess of concentrated resorcinol solution. 
Method of procedure: To 10 cc. of oil contained in a 100 cc. 
cassia flask (fig. 75, p. 583) enough 50 p. c. resorcinol solution 
is added to fill the flask about four-fifths. For five minutes the 
mixture is thoroughly shaken, then that portion of the oil which 
has not gone into solution is driven into the neck with resorcinol 
solution. Any oily particles adhering to the walls of the flask 
arc caused to rise to the surface by rotating the flask or gently 
tapping it. After the resorcinol solution has become perfectly 
clear, which usually requires several hours, the volume of oil 
remaining is read off, the cineol content ascertained by subtracting 
this amount from 10 and the resultant multiplied with 10 in order 
to obtain the percentage by volume. Oils very rich in cineol 
are advantageously diluted with an equal volume of turpentine 
oil since the cincolresorcinol occasionally crystallizes from con^ 
ccntratcd solutions thus rendering futile the entire process. 

The method as described above is to be applied only to such 
oils that contain no appreciable amounts of oxygenated compounds 
(alcohols, aldehydes) since resorcinol dissolves these also, thus 
causing the results to be too high. In all other cases the assay 
is carried out, not with the original oil but with the cineol fraction. 
For this purpose 100 cc. of oil are distilled from a Ladenburg 
fractionating flask with three bulbs (fig. 71, p. 566) at such a 
rate that a drop is collected each second. Fraction 170 to 190 ', 
which contains all of the cineol of the oil, is collected separately 
and its volume ascertained. The cineol content of this fraction 
is then determined as described above and the percentage of 
cineol in the original oil computed. In the examination of mixtures 
of known cineol content, Wicgand and Lehmann have shown 
that the error is at most 2%. 

If only small amounts of oil are available the method can be 
modified so as to separate the solid resorcinol compound and 
to decompose the latter. With some practice acceptable results 
can thus also be obtained though not with the same certainty as 
with the fractionation method just described. Nevertheless, it 
is preferable to the phosphoric acid addition method since the 
additionproduct of cineol with resorcinol is more stable than 
that with phosphoric acid. 
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10 cc. of oil arc mixed with 20 cc. of a 50 p. c. resorcinol 
solution. If necessary, a crystal of cineol resorcinol is added 
and the resulting crystalline mass is stirred to form a uniform 
mixture. The crystalline mass is separated by means of a force 
filter, pressed between filter paper to remove the last traces of 
oil, and transferred to a beaker. Caustic alkali is then added, 
the mixture gently heated and the liquid transferred to a cassia 
flask by means of a funnel the tube of which passes to the 
bottom of the flask. The flask is finally filled to the mark, the 
amount of separated cineol read off and multiplied by 10 to obtain 
percentage by volume. 

For the regeneration of the resorcinol used for these de- 
terminations steam is passed through the solution from which 
the non-cineol portions of the oil has been previously separated. 
The cineol distills over and the aqueous solution is evaporated 
for the recovery of the resorcinol which can be used again for 
another assay. 

HYDROCYANIC ACID ASSAY. 

The qualitative test for hydrogen cyanide has already been 
referred to on p. 533. Quantitatively it is best determined 
gravimetiically: About 1 g. of oil is accurately weighed and 
dissolved in 10 to 20 times its volume of alcohol. To this solution 
10 cc. of alcoholic ammonia free from chlorine are added to de- 
compose the phcnylhydroxyacctonitrilc since otherwise only a part 
of the hydrocyanic acid is determined. 1 ) After standing for a 
short time an aqueous solution of silver nitrate is added and the 
mixture acidulated with nitric acid.-) A^tcr the solution has 
become clear, the silver cyanide is is collected on a filter, that 
has been previously dried and weighed, is carefully washed with 
water and dried at 100 until of constant weight, If s represents 
the number of grams of oil used, and a the number of grams 

l ) Krcmers and Schreiner, Pharm. Review H (189t>), 1%. 

-) If much hydrogen cyanide be present, the addition of silver nitrate 
to the ammoniacal solution soon causes the precipitation of a finely crystalline 
precipitate of silver cyanide ammonia, MH^AgCN. In order to prevent this 
the nitric acid should be added immediately after the addition of the silver 
nitrate solution. 
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of silver cyanide obtained, the percentage of hydrogen cyanide 
in the oil results from the following formula: 


o HCN - 


a -20,179 
s 


More convenient, but less accurate, because the end reaction 
is ascertainable with difficulty and uncertainty, is the titrimetric 
method according to Viclhaber. 1 ) Liebigs’ method, which is 
frequently applied to bitter almond water, is not at all applicable 
to the oil. 

The assay is carried out according to the following directions: 
About I g. of oil is weighed accurately and shaken with 10 cc. 
of water. In order to split up the cyanhydrin, some freshly 
precipitated magnesium hydroxide is added, then 2 to 3 drops 
of a 10 p. c. potassium chromate solution as indicator. While 
constantly shaking — in order to insure the intimate contact of 
the oil with the mixture the titration is carried out by slowly 
IS 

adding silver nitrate solution until the red color of the silver 

u /Y 

chromate indicates the end of the reaction. Every cc. of jq silver 

nitrate solution corresponds to 0,0027018 g. of hydrocyanic acid. 
The percentage can be computed with the aid of the following 
formula: 

(1 wrN 0,27018-/) 
o nLrt 

S 


N 

in which b represents the number of cc. of ^ q silver nitrate solution 
and s the number of grams of oil used. 

For practical purposes the titrimetric method may suffice. 
It has been adopted by the U. S. Pharmacopoeia for the hydro- 
cyanic acid assay of bitter almond oil. The U. S. P. gives 0,002684 
as factor. The difference is due to the fact that the factor given 
above is based on O 16 whereas the factor of the U. S. P. is 
based on H 1. 

Reference should here also be made to a critical discussion 
by Runnc*) of all gravimetric and volumetric methods for the 
determination of hydrocyanic acid in bitter almond water. 


l ) Arch, der Pharm. 213 (1878), 408. 

'-) Apotheker Ztg. 24 (1909), 288, 297, 306, 314, 325, 333, 344, 356. 
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MUSTARD OIL ASSAY. 

Mustard oil can be assayed by weighing it as thiosinamine, 
or better by double decomposition with ammoniacal silver nitrate 
solution. In this case also thiosinamine is first obtained as 
intermediate product but, as soon as formed, it is decomposed 
with the precipitation of silver sulphide. According to the .second 
method distinction is made between the gravimetric process 
(weighing of the precipitated silver sulphide) and the titrimetric 

/y 

process (in which |q silver nitrate solution is used and the excess 

of silver nitrate is titrated back). In actual practice the titrimetric 
method is used well nigh exclusively. Lor the sake of com- 
pleteness, however, the other two methods are also described. 

Thiosinamine method. 1 ) If in a flask 3 g. of mustard oil 
and 3 g. of alcohol are shaken together with 6 g. of ammonia 
water the mixture becomes clear after standing several hours 
in the cold (quickly at 50 ’) and as a rule separates crystals of 
thiosinamine without coloration. The mother liquid having been 
separated from the crystals is evaporated in such a manner that 
only a part thereof is transferred to the evaporating dish on a 
water bath and new portions added only then when the odor of 
ammonia has disappeared, finally the crystals are also trans- 
ferred to the evaporating dish the last traces being transferred 
with the aid of a little alcohol. The dish is heated on the water 
bath until of constant weight. The 3,25 or at most 3,5 g. of 
thiosinamine (corresponding to from 92,6 to 100" « of /sothiocyan 
allyl) thus obtained constitute an brownish crystalline mass 
melting at 70° with a leek-like but by no n^ans penetrating odor. 
It dissolves in 2 parts of warm water to a solution that docs 
not change blue litmus paper, and possesses a bitter but not 
persistent taste. 

It should be remembered, however, that any carbon disulphide 
present is likewise determined as thiosinamine, since with -am- 
monia it undergoes the following reaction: 

CS 2 + 4NH, (NHJSCN (NH 4 ) s S 

Carbon disulphide Ammonia Ammonium thiocyanate Ammonium sulphide 

*) Direction according to the German Pharmacopoeia, 3 rd ed. 1890. 
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and since the resulting products remain largely behind upon 
evaporation. If the residue amounts to more than 3,5 g. an 
impermissible amount of carbon disulphide is very likely present, 
especially if it has the odor of ammonium sulphide. 

The percentage of /'sothiocyan ally! can be computed with 
the aid of the formula: 

a • 85,34 


in which a represents the amount of thiosinamine obtained and $ 
the amount in grams of mustard oil used. 

Krcmcl 1 ) has suggested the use of ammonia of definite 
strength and to titrate back with halt-normal hydrochloric acid 
the amount not used. No results of practical experience with 
this method appear to have been recorded. 


Determination with ammoniacal silver solution. 


a) Tin imet tie method. To about 5 g. (accurately weighed) 
of a solution of 1 g. mustard oil in 49 g. alcohol and contained 

rsj 

in a 100 cc. measuring flask, 50 cc. of | Q silver nitrate solution 


and 10 cc. ammonia water (d lft 0,960) are added; the flask, provided 
with a tube 1 meter long that serves as reflux condenser, and 
the mixture heated for I hour on a water bath that is in active 
ebullition. After the temperature of the mixture has been reduced 
to that of the room, water is added to the 100 cc. mark, the 
contents shaken and filtered. To 50 cc. of the filtrate 6 cc. 
of nitric acid (d liV 1,153) and a few drops of ferric ammonium 
sulphate are added and titrated with ammonium thiocyanate until 
the red color remain^ permanent. In order to ascertain the total 
amount of silver solution that has entered into the reaction, the 
number of cc. of ammonium thiocyanate solution used should be 
multiplied by 2 and the product subtracted from 50. If s grams 
of the alcoholic solution of mustard oil have required a cc. of 


N 

IQ silver nitrate solution the percentage of /'sothiocyan allyl in 

the oil is 0 

a- 24,78 


s 


') Mann. Post 21 (1888), 828. 
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The reactions that take place can be represented by the 
following equations. First of all, the ammonia acts with the 
formation of thiosinaminc: 

NHQH, 

CSNC,H, -I- NH :1 C:S 

Nil, 

Ammoniacal silver nitrate breaks up this compound into allyl- 
cynamidc aud sulphuretted hydrogen: 

NHC :1 H, 

C:S CN-NHC, H. -I H,S. 

Nh, 

The sulphuretted hydrogen combines with the silver oxide 
to form silver sulphide. 

The end reactions can be represented by the following 
empirical equation: 

CSNlWt- 3NII, i- 2AgNO. { Ag,S + CNNMC,H ft i 2NH,N0 8 . 

The principle of this method dates back to E. Dicterich *) 
who, howevet, suggested that the silver sulphide be weighed 
(sec below). Gadamer’-) then modified the method by making 
it titrimetric. Following the directions of E. Dieterich the mixture 
was not heated but set aside for 24 hours. K. Dicterich !l ) as 
well as I'irbas ’) pointed out that the decomposition of the thio- 
sinaminc with silver nitrate is not complete even after 24 hours 
at room temperature and that accurate values are received only 
then when the mixture is heated for a short time after the period 
of standing. Kuntze' 1 ) determined somewhat later that at room 
temperature more or less of the silver compound of allylsulpho- 
carbaminic acid ethylcster is formed as well as silver sulphide. 
For every molecule of mustard oil this demands but one atom 
of silver, whereas the formation of silver sulphide demands two 


*) Helfenberger Annalen INSH, 59. 

*) Arch, dcr Pharm. ‘237 (1899), 110. Comp, also Arch, dcr Pharm. S4H 
(1908), 59, footnote 2. 

a ) Pharm, Ztg. 4»"> (1900), 768. 

4 ) Zeitschr. d. allg. osterr. Apoth. Ver. 3H (1904), 222. 
ft ) Arch, der Pharm. *240 (1908), 58. 
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atoms of silver. The result is that less silver nitrate solution 
is used than is necessary for the complete decomposition, hence 
the results are too low. 

The precipitation of thiourethanc silver is avoided if the 
process is carried out at higher temperature. According to 
Kuntze the best results arc obtained if the process is carried 
out as described above with the exception, however, that the 
mixture is immediately heated on a water bath for 1 hour. 
According to experiments made by Kuntze, the reduction of the 
silver solution when boiled with alcohol need not be feared. 

b) Gravimetric method. As already pointed out, the method 
of determining the amount of /'sothiocyanallyl by means of 
ammoniacal silver solution was first suggested by E. Dieterich 
(loc. cit.), who, however, weighed the precipitated silver sulphide. 
Somewhat later K. Dieterich l ) modified the method somewhat. 
One proceeds, first of all, as in the titrimctric method, but naturally 
it is not necessary to employ a standardized silver solution. 
After the precipitate has subsided, it is collected by passing the 
hot liquid through a filter that has previously been washed 
successively with ammonia, hot water, alcohol, and ether, dried 
and weighed. The collected precipitate is washed with hot water, 
the water displaced by strong alcohol and this in turn by ether. 
The precipitate thus treated is dried at about 80 until of constant 
weight. The percentage of /'sothiocyanallyl in the oil follows 
from the formula 

s 

in which a - the amount in grains of silver sulphide, 
s - the amount in grams of mustard oil used. 

According to Kuntze (loc. cit.) useful results are likewise 
obtained according to this method if the mixture is set aside at 
room temperature for 24 hours. Although, as previously indicated, 
thiourethanc silver as well as silver sulphide may result, this 
effects the result but little, since the molecular weights of both 
compounds (248 and 252) are almost the same. As already 
pointed out, the side reaction may cause appreciable differences 
when proceeding according to the titrimctric method. 

l ) Helfenberger Annalen IWO, 182. 
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TEST FOR CHLORINE. 

The test for chlorinated products is an important one in 
the examination of bitter almond oil, cherry laurel oil and a 
number of chemical preparations. In the case of the two oils 
mentioned, the test serves as a means to detect adulteration with 
common, technical benzaldehyde; in the case of chemical prepa- 
rations it affords a clue as to their purity. The principal chemicals 
of this group are benzylalcohol, benzaldehyde, phenylacct aldehyde, 
cinnamic aldehyde, synthetic camphor, and benzyl acetate. 

Socalled Beilstein test . A piece of copper oxide fastened 
to a platinum wire is moistened with the oil to be tested and 
held in the outer zone of a Bunsen flame. As soon as the 
carbon has burned away, the presence of chlorine is indicated 
by the greenish or greenish-blue color of the flame. This color 
is produced by volatilizing copper chloride and its intensity and 
duration depends on the amount of chlorine present. 

Lime test . The oil to be tested is mixed intimately with 
about ten times its amount of burnt marble 1 ) free from chlorine 
and the mixture heated to a low red heat in a crucible for a 
short time. Any chlorine that may be present combines with 
the calcium. The powder is dissolved in nitric acid and the 
filtered solution tested for chlorine in the ordinary manner. 

Combustion method: 1 ) This method consists in burning the 
oil and testing the combustion products for hydrogen chloride. 
A piece of filter paper about 5x6 cm. is folded, saturated with 
the oil, the excess of oil thrown off, aid the paper placed in 
a small porcelain capsule which in turn rests within a larger 
porcelain evaporating dish about 20 cm. in diameter. The paper 
is ignited and immediately covered with a beaker of 2 liter 
capacity the inner surface of which is moistened with water. 
The sizes of the implements should be so selected that the rim 
of the larger porcelain dish projects somewhat beyond that of the 
beaker. After the flame has become extinguished, the beaker 


*) In place of the marble, calcined soda free from chlorine may be taken. 
*) Comp. Schimmel's Berjcht April 181)0, 99; also Report October Itttt, 7. 
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is allowed to remain in its position for several minutes. The 
products of combustion which have condensed on the inner 
surface of the beaker are then washed into a filter with about 

10 cc. of distilled water. The filtrate, rendered acid with a drop 
of nitric acid, should not be rendered turbid upon the addition 
of silver nitrate test solution. 

This method has proven especially cffecient in the testing 
of volatile oils. Even the minutest traces of chlorine compounds 
can thus be detected. For the sake of absolute certainty a blank 
test should be made with a pure oil, since deceptions may occur 
if the water and the implements used have not been absolutely 
free from chlorine compounds. Compared with the lime test it 
has the advantage of' being more convenient, especially if a large 
number of oils have to be tested. 

In the case of oils containing hydrocyanic acid, deceptions 
may occur if unoxidized hydrogen cyanide is deposited on the 
inner surface of the beaker and washed out with the water. In 
such cases silver nitrate may produce a turbidity although the 

011 was pure. Such turbidity is due to AgCN and not to AgCl. 
This turbidity, however, differs from that produced by silver 
chloride in its disappearance when the liquid is heated carefully 
not quite to the boiling point. 

Whereas the combustion method is much more delicate and 
reliable than Beilstein's method when applied to volatile oils, the 
latter is better adapted, according to Stephan, 1 ) as a test for 
chlorine in artificial camphor. 

The quantitative determination of chlorine can be carried out 
according to the well known method of Carius. A definite amount 
of oil is heated with fuming nitric acid in the presence of silver 
nitrate in a sealed tube and the silver chloride thus produced 
is weighed. 


') Comp. Lohmann, Berichte d. deutsch. pharm. Ges. It) (1909), 222, 
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THE DETECTION OF SOME OF THE MORE 
COMMON ADULTERANTS. 

TURPENTINE OIL. 

Turpentine oil may be considered as the adulterant most 
often used. Very often it can be recognized by its characteristic 
odor, especially in those oils which contain no pinene, as this 
is the main constituent of turpentine oil. In general, its presence 
causes changes in the specific gravity, solubility, boiling temper- 
ature and optical rotation. It must here be remembered that 
there arc dextro- as well as l&vogyratc turpentine oils. 

The positive proof of the presence of turpentine oil in oils, 
which in their pure state contain no pinene, is furnished by the 
isolation of and characteristic derivates of pinene. The constituents 
boiling in the neighborhood of 160°, arc fractionated out and, 
according to the method described on page 296, the pinene 
nitrosochloride, as well as pinene nitrolbenzylaminc or pinene 
nitrolpiperidinc are prepared. If the fraction is strongly optically 
active, it is better to identify the pinene by oxidation to pinonic 
acid (see p. 297), for the yield of pinene nitrosochloride decreases 
as the optical activity of pinene increases. 

If pinene is a normal constituent of the oil, the addition of 
turpentine oil can be recognized by a comparison of the physical 
properties of the lowest boiling fractions of the adulterated oil 
with the corresponding portions of the pure oil. The detection 
of turpentine oil in rosemary oil furnishes an example (see this). 

CEDAR WOOD, COPAIBA AND 
GURJUN BALSAM OILS. 

On account of their cheapness and faint odor, these three 
oils belong to the most favored and the most dangerous of 
adulterants. They may, however, be detected without difficulty 
in most cases by means of their physical properties, which differ 
from those of many of the volatile oils, namely their difficult 
solubility in 70 to 90 percent or even stronger alcohol, their high 
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specific gravity (above 0,900), their high boiling temperature, 
above 250°, and finally their rotatory power. 

All three oils turn the plane of polarized light more or less 
to the left. With copaiba balsam oil the jangle of rotation a D 
lies between — 7 and — 35 V) with cedar wood oil between 
— 25 and— 44°, and with gurjun balsam oil between —35 and 
-130’ (!). 

At present only cedar wood oil and copaiba balsam oil can 
be detected in a chemical way. For this purpose the oil is 
subjected to fractional distillation and the fraction that passes 
over at about 260° examined. The cedrcne contained in cedar 
wood oil can be oxidized in acetone solution with potassium 
permanganate to a glycol C, b H m O* which melts at 160°, whereas 
caryophyllcne can be characterized by means of its hydrate 
(m. p. 94 to 96, see p. 333 and 334). For the detection of gurjun 
balsam oil the observation of Deussen and Philipp 2 ) can possibly 
be utilized. If oxidized in acetone solution with potassium per- 
manganate, the indifferent components yield a fraction 170 to 180° 
under 12 mm. pressure, which in turn yields a semicarbazone, 
C 11 j H 27 M !I 0, that melts at 234^. 

ALCOHOL. 

The addition of alcohol to a volatile oil always results in a 
lowering of the specific gravity. When an oil containing alcohol 
is dropped into water, the drops do not remain clear and trans- 
parent, as is the case with pure oils, but become opaque and milky. 

For the definite identification of alcohol the suspected oil 
is heated until it just begins to boil, 3 ) and the first few drops 
that come over arc collected in a test tube and filtered, to remove 
any oil globules which may also have come over, through a filter 
moistened with water. The filtrate is made strongly alkaline with 
dilute potassa solution, and treated, after heating to 50 to 60°, 

*) African copaiba balsam oils, the presence of which can be ascertained 
by the identification of cadinene (see p. 329), are dextrogyrate. According 
to the observations thus far recorded, the angle varies between -f 16°51' and 
-f- 22°26'. Dextrogyrate gurjunbalsam oils are also said to occur. 

4 ) Liebig’s Annalen 3fi9 (1909), 56. 

*) Not all of the alcohol is driven over by heating on the water bath. 
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with a solution of iodine in potassium iodide, until the solution 
remains slightly yellow. If alcohol is present small crystals of 
iodoform will separate in a short time at the bottom of the 
liquid. It must here be remembered that other bodies, such as 
aldehydes, acetone and acetic ether also yield iodoform under 
the conditions given. 

Larger amounts of alcohol may be removed from volatile 
oils by shaking with water, from which the alcohol may be again 
removed by distillation and identified by the iodoform reaction. 
If the shaking out is done in a graduated cylinder, the increase 
of the aqueous layer corresponds approximately to the amount 
of the alcohol. 

It is better, however, to use sodium chloride solution or 
glycerin, because with these the two layers separate better, and 
a more accurate reading is possible. 

The alcohol content may also be approximately calculated 
if the specific gravity is determined before and after shaking 
with water. 

If d is the specific gravity of the oil (at 15°), 

D the specific gravity of the oil shaken with water, and 
s the specific gravity of the alcohol, 1 ) 
the alcohol content of the oil in percent follows from the formula 
(D~d)A 00 
D — s 

As already mentioned on page 599 the amount of the alcohol 
in an oil which in itself does not give a methyl number, may 
be determined quantitatively by Zcisel's methoxyl method. 

FATTY OIL. *• 

The volatile oils adulterated with fatty oil leave a permanent 
fatty stain when evaporated on paper. With high boiling and 
difficultly volatile oils, however, similar residues are left, which 
may give rise to mistakes. Fatty oil is insoluble in 90 percent 
alcohol.*) For the separation of the fatty oil from the volatile 

i) The specific gravities of alcohols of varying strengths are given on p.568. 

*) Castor oil only is soluble in 90 p. c. alcohol, but is insoluble in 70 p. c. 
alcohol and in petroleum ether. Mention should also be made of the slight 
optical activity of castor oil, « D about 4- 5°- 



614 


The examination of volatile oils. 


oil, the latter is distilled off by steam distillation or removed by 
evaporation in an open dish on the water bath. However, it 
should be remembered that some volatile oils, such as bergamot, 
lemon, orange, anise and star-anise oil, leave a residue of several 
percent even when they arc not adulterated. This is also true 
of resinified oils. 

The presence of the fat may be shown qualitatively in the 
residue by heating with potassium bisulphate in a test tube. 
Penetrating odors of acrolein show its presence. By igniting 
the residue on a platinum foil the characteristic odor of burning 
fat is noticed. 

As the fatty oils give saponification numbers which lie between 
180 and 200, the amount of the fat added can be determined 
quantitatively by saponification cither directly in the volatile oil 
itself or in the distillation residue. 

Oils that have been adulterated with cocoa nut oil solidify 
wholly or in part in a freezing mixture. Cocoa nut oil has been 
found in cananga oil, citronclla oil and palmarosa oil and detected 
in this manner. 

MINERAL OIL, PETROLEUM. 

Mineral oil, paraffin oil, kerosene, petroleum and petroleum 
fractions are insoluble in alcohol and can therefore be detected 
without difficulty in volatile oils; besides, they are often easily 
recognized by their low specific gravity. Palmarosa oil to which 
some mineral oil has been added is only partly soluble in 
70 percent alcohol. If the insoluble portion is successively treated 
with 90 percent and ^absolute alcohol, an oil remains, which in 
the beginning it is true is colored brown by sulphuric or nitric 
acids, but in general resists the action of these acids and also 
of alkalies, and on saponification with alcoholic potassa gives 
no saponification number. 

The mineral oils have different boiling points. The hydro- 
carbons of illuminating oil boil at about the same temperature 
as the terpenes. Lower boiling fractions are said to be some- 
times used for adulterating turpentine oil. A higher boiling mineral 
oil, about 250°, has been found in citronella and in gingergrass 
oils. The petroleum fractions of lower boiling temperatures are 
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easily volatile with water vapor, the higher fractions not at all, 
or at least to a small degree only. 

A method for the quantitative estimation of mineral oils 
consists in weighing the residue left after having removed the 
volatile oil by oxidation with fuming nitric acid, as described 
under turpentine oil. According to Herzfcld 1 ) concentrated 
sulphuric acid is better adapted to the separation of mineral oil 
than nitric acid. However, the investigators are very much 
divided in their opinions on this subject. (For details sec under 
turpentine oil in the second volume). Attention should be called 
to the fact that some volatile oils, such as rose oil, chamomile 
oil, orange flower oil and others, contain larger or smaller amounts 
of paraffins as natural constituents. 


CHLOROFORM. 

This body, which has been found occasionally in volatile 
oils (for instance, in cognac oil), can be isolated by distillation 
on a water bath and identified by the /sonitrile reaction. This 
consists in that a small amount of the suspected distillate is 
treated with a few drops of aniline and alcoholic caustic soda 
solution, and gently heated. In the presence of chloroform the 
noxious and exceedingly disagreeable smelling vapors of phenyl- 
/sonitrile are formed. 


ADDITIONS TO INCREASE THE ESTER CONTENT. 

The valuation of such oils as bergamot and lavender according 
to their ester content has led to the occasional adulteration of 
such oils with cheaper esters or organic acids for the purpose of 
increasing their apparent ester content. Among the substances 
added for this purpose the following have been observed thus 
far: benzoic acid, salicylic acid, oleic acid, diethylsuccinate, tnethyl- 
citrate, glycerylmonacetate, ethyltartrate and terpin ylacetate. 

The presence of acids can be detected by means of an 
increase in the acid value, which, in most oils, is very small. 
For this reason the advice was given on p. 571 to determine 


‘) Zeitschr. t. 6ff. Chem. 9 (1903), 454. Comp. Chem. Zentralbl. 1*04, 1. 548. 
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the acid value and the ester value separately. The acids can 
be isolated by shaking the oil containing them with dilute soda 
solution, separating the latter and decomposing the salt formed 
with a mineral acid. 

The identification of the esters may be carried out in various 
ways. In most instances the oil is fractionated, the fraction to 
be examined saponified, and the attempt made to characterize 
the components. However, special methods are also employed 
varying with the kind of ester. Thus e. g. fractional saponification 
may lead to the detection of added terpinyl acetate. In consequence 
of the high specific gravity of the esters used for adulteration, 
such adulterated oils become suspicious in many instances be- 
cause of their increased density. Details as to such adulterations 
will be found in the second volume under the respective oils. 



Table I 

for Calculating the Percentage Content of Alcohols 
of the Formulas C i# H ih O, C J(J H,„0, C Ift H 2l O and 
C»H w O from the Saponification Values before and 
after Acetylation, also the Percentage Content of the 
Acetic Esters of these Alcohols. 


Table II 


for Determining the Ester Value (Acid Value, Saponi- 
fication Value), also the Percentage Content of Alcohol 
and Ester directly from the Number of cc. !J Potassium 
Hydroxide when 1,50 g. of Oil are used. 
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for Calculating the Percentage Content of Alcohols of the For 
before and after Acetylation, also the Perce 



c „ 

Hi„0 



CioH, 

!oO 


l V. 

Acetate 

Alcohol 

Alcohol in 

' i Aictalc 

Alcohol 

J Alcohol in ■ 

E. V . 




inc ong oil |j 

, the orig. oil | 


1 

0,35 

0,28 

0,28 

0,35 

0,28 

0,28 

1 

2 

0,70 

0,55 

0,55 

0,71 

0,56 

0,56 

2 

3 

1,05 

0,83 

0,83 

1,06 

0,84 

0,84 

3 

4 

1,40 

1,10 

1,10 

1,41 

1,11 

1,12 

4 ' 

5 

1,75 

1,38 

1,38 

1,77 

1,39 

1,40 

5 

1 1 

2,10 

1,65 

1,66 

2,12 

1,67 

1,68 , 

6 

7 

2,45 

1,93 

1,94 

2,47 

1,95 

1,96 

7 

8 

2,80 

2,20 

2,21 

2,83 

2,23 

2,24 

8 

9 

3,15 

2,48 

2,49 

3,18 

2,51 

2,52 , 

9 

10 

3,50 

2,75 

2,77 

3,54 

2,79 

2,81 

10 

11 

3,85 

3,03 

3,05 

3,89 

3,06 

3,09 

11 

12 

4,20 

3,30 

3,33 

4,24 

3,34 

3,37 

12 

13 

14 

4,55 

3,58 

3,61 

4,60 

3,62 

3,66 

13 

4,90 

3,85 

3,89 

4,95 

3,90 

3,94 

14 

15 

5,25 

4,13 

4,17 

5,30 

4,18 

4,23 

15 

16 

5,60 

4,40 

4,45 

5,66 

4,46 

4,51 

16 

17 

5,95 

4,68 

4,74 

6,01 

4,74 

4,80 ! 

17 

18 

6,30 

4,95 

5,02 

6,36 

5,01 

5,08 

18 

19 

6,65 

5 # 

5,30 

6,72 

5,29 

5,37 , 

19 

20 

7,00 

5,50 

5,58 

7,07 

5,57 

5,66 

20 

21 

22 

7,35 

5,78 

5,87 

7,42 

5,85 

5,94 

21 

7,70 

6,05 

6,15 

7,78 

6,13 

6,23 

22 

23 

8,05 

6,33 

6,44 

8,13 

6,41 

6,52 

23 

24 

8,40 

6,60 

6,72 

8,49 

6,69 

6,81 

24 

25 

8,75 

6,88 

7,01 

8,84 

6,96 

7,10 

25 

26 ■ 

9,10 

7,15 

7,29 

9,19 

7,24 

7,39 

26 

27 

9,45 

7,43 

7,58 

9,55 

7,52 

7,68 

27 

28 

9,80 

7,70 

7,87 

9,90 

7,80 

7,97 

28 

29 

10,15 

7,98 

8,15 

10,25 

8,08 

8,26 

29 

30 

10,50 t 

8,25 

8,44 

10,61 

8,36 

8,55 

30 
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Ci.-HnO Ci:.H*«0 


V. 

, Acetate 

Alcohol 

Alcohol in j 
theory oil' 

Acetate 

Alcohol 

Alcohol in | 
the ori|(. oil j 

t. V. 

! 

0,47 

0,39 

0,39 

0,47 

0,40 

0,40 

1 

2 

0,94 

0,79 

0,79 

0,94 

0,79 

0,79 , 

2 

3 

1,40 

1,18 

1,18 

1,41 

1,19 

1,19 

3 

4 

1,87 

1,57 

1,58 

1,89 

1,59 

1,59 

4 

5 

2,34 

1,96 

1,97 

2,36 

1,98 

1,99 

5 

6 

2,81 

2,36 

2,37 

2,83 

2,38 

2,39 

6 

7 

3,28 

2,75 

2,76 

• 3,30 

2,78 

2,79 

7 

8 

3,74 

3,14 

3,16 

3,77 

3,17 

3,19 

8 

9 

4,21 

3,53 

3,56 

4,24 

3,57 

3,59 

9 

10 

4,68 

3,93 

3,96 

4,71 

3,96 

3,99 

10 

11 

5,15 

4,32 

4,36 

5,19 

4,36 

4,40 

11 

12 

5,61 

4,71 

4,76 

5,66 

4,76 

4,80 1 

12 

13 

6,08 

5,11 

5,16 

6,13 

5,15 

5,20 

13 

14 

6,55 

5,50 

5,56 

6,60 

5,55 

5,61 

14 

15 

7,02 

5,89 

5,96 

7,07 

5,95 

6,01 

15 

16 

7,49 

6,29 

6,36 1 

7, .54 

6,34 

6,42 

16 

17 

7,95 

6,68 

6,77 

8,01 

6,74 

6,83 

17 

18 

8,42 

7,07 

7,17 

8,49 

7,14 

7,23 : 

18 

19 

8,89 

7,46 

7,57 

8,96 

5 7,53 

7,64 : 

19 

20 

9,36 

7,86 

7,98 

9,43 

’ 7,93 

8,05 i 

20 

21 

9,83 

8,25 

8,38 

9,90 

8,33 

8,46 

21 

22 

10,29 

8,64 

8,79 

10,37 

8,72 

8,87 1 

22 

23 

10,76 

9,03 

9,19 

10,84 

9,12 

9,28 ; 

23 

24 

11,23 

9,42 

9,60 

11,31 

9,51 

9,69 | 

*24 

25 

11,70 

9,82 

10,01 

11,79' 

9,91 

10,10 

25 

26 

12,16 

10,21 

10,42 

12,26 

10,30 

10,51 ! 

26 

27 

12,63 

10,60 

10,83 

12,73 

10,70 

10,92 ' 

27 

28 

13,10 

11,00 

11,24 

13,20 

. 11,10 

11,34 1 

28 

29 

13,57 

11,39 

11,65 

13,67 

11,49 

11,75 ; 

29 

30 

14,04 

11,79 

12,06 

14,14 

11,89 

• 

12,17 

30 
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CioHt#0 


E. V. 

i Acetate 

Alcohol 

■ Alcoholm i 
the ong oil ■( 

31 

10.&5 

8,53 

8,73 

32 

1 1,20 

8,80 

9,02 

33 

11,55 

9,08 

9,31 

34 

: 11,90 

9, 35 

9,59 

35 

12,25 

9,63 

9,88 

36 

12,60 

9,90 

10,17 

37 

12,95 

10,18 

10,47 

38 

13, 30 

10,45 

10,76 

39 

13,65 

10,73 

11,05 

40 

14,00 

11,00 

11,34 

41 

14,35 

11,28 

1 1,63 

42 

14,70 

11,55 

11,93 

43 

15,05 

11,83 

12,22 

44 

15,40 

12,10 

12i51 

45 

15,75 

12,38 

12,81 

46 

16,10 

12,65 

13,10 

47 

16,45 

12,93 

13,40 

48 

16,80 

13,20 

13,69 

49 

17,15 , 

13,48 

13,99 

50 

17,50 

13,75 

14,29 

51 

17,85 

14,03 

14,58 

52 

18,20 

14,30 

14,88 

53 

18,55 

14,58 

15,18 

54 

18,90 

14,85 

15,48 

55 

19,25 

15,13 

15,77 

56 

19,60 

15,40 

16,07 , 

57 

19,95 

15,68 

16,38 

58 

20,30 : 

15,95 

16,68 

59 i 

20,65 

16 A * 

16,98 

60 

21,00 

16,50 

17,28 

61 1 

21,35 

16,78 

17,58 

62 

21,70 

17,05 

17,88 

63 1 

22,05 

17,33 

18,18 

64 - ' 

22,40 

17,60 

18,49 , 

65 

22,75 

17,88 

' 18,79 

66 

23,10 

18,15 

19,10 

67 

23,45 

18,43 

19,40 

68 

23,80 

18,70 

19,70 

69 

24,15 

18,98 

20,01 

70 

24,50 

19,25 

20,32 


C10H20O 


Acetate 

| Alcohol 

, Alcohol in 
the ong. oil i 

E . V . 

10,96 

8,64 

8,84 

31 

11,31 

8,91 

9,13 

32 

11,67 

9,19 

9,43 

33 

12,02 

9,47 

9,72 

34 

12,37 

9,75 

10,01 

35 

12,73 

10,03 

. 10,31 

36 

13,08 

10,31 

10,60 

37 

13,44 

10,59 

10,90 

38 

13,79 

10,86 

11,19 

39 

14,14 

11,14 

11,49 1 

40 

14,50 

11,42 

11,78 

41 

14,85 

11,70 

12,08 

42 

15,20 

11,98 

12,38 

43 

15,56 

12,26 

12,68 

44 

15 , 9 | 

12,54 

12,97 

45 

16,26 

12,81 

13,27 

46 

16,62 

13,09 

13,57 

47 

16,97 

13,37 

13,87 

48 

17,32 

13,65 

14,17 

49 

17,68 

13,93 

14,47 

50 

18,03 

14,21 

14,77 

51 

18,39 

14,49 

15,07 

52 

18,74 

14,76 

15,38 

53 

19,09 

15,04 

15,68 

54 

19,45 

15,32 

15,98 

55 

19,80 

15,60 

16,28 

56 

20,15 

15,88 

16,59 

57 

20,51 

16,16 

16,89 

58 

20,86 

16,44 

17,20 

59 

21,21 

16,71 

17,50 

60 

21,57 

16,99 

17,81 , 

61 

21,92 

17,27 

18,11 ; 

62 

22,27 

17,55 

18,42 ! 

63 

22,63 

17,83 ; 

18,73 ; 

64 

22,98 

18,11 

19,04 ; 

65 

23,34 

18,39 

19,34 ; 

66 

23,69 

18,66 

19,65 

67 

24,04 

18,94 

19,96 ! 

68 

24,40 , 

19,22 

20,27 

69 

24,75 

19,50 ' 

20,58 ' 

70 
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C»H„0 !j C„,H„0 


II 

!' 


E. V. 

Acetate 

Alcohol 

I Alcohol in ij 
j the orig oil j 

Acetate 

Alcohol 

Alcohol in 

1 the ong. oil I 

E. V. 

31 

14,51 

12,18 

12,47 

14,61 

12,28 

: 12,58 : 

31 

32 

14,98 

12,57 

12,88 

15,08 

12,68 

13,00 

32 

33 

15,45 

12,96 

13,29 

15,55 

13,08 

13,41 | 

33 

34 

15,91 

13,35 

13,71 

16,02 

13,48 

13,83 

34 

35 

16,38 

13,75 

14,12 

16,50 

13,88 

14,25 

35 

36 

16,85 

14,14 

14,54 

16,97 

14,27 

14,67 : 

36 

37 

17,32 

14,54 

14,95 

17,44 

14,66 

15,09 | 

37 

38 

17,79 

14,93 

15,37 

17,91 

15,06 

15,51 

38 

39 

18,25 

15,32 

15,78 

18,38 , 

15,46 

15,93 , 

39 

40 

18,71 

15,71 

16,20 

18,86 

15,86 

16,35 

40 

41 

19,18 

16,10 

16,62 

19,33 

16,25 

16,77 

41 

42 

19,65 

16,50 

17,04 

19,80 

16,65 

17,19 1 

42 

43 

20,12 

16,89 

17,46 

20,27 

17,05 

17,61 

43 

44 

20,59 

17,28 

17,88 

20,74 

17,44 

18,04 

44 

45 

21,05 

17,68 

18,30 

21,21 

17,84 

18,46 . 

45 

46 

21,52 

18,07 

18,72 

21,69 

18,24 

18,89 ! 

46 

47 

21,99 

18,46 

19,14 

22,16 

18,63 

19,32 

47 

48 

22,46 

18,85 

■ 19,56 

22,63 

19,03 

19,74 j 

48 

49 

22,93 

19,25 

19,98 

23,10 

19,43 

20,17 ! 

49 

50 

23,39 

19,64 

20,41 

23,57 

19,82 

20,59 1 

50 

51 

23,86 

20,03 

20,83 

24,04 

20,22 

21,02 1 

51 

52 

24,33 

20,42 

21,26 : 

24,51 

20,62 

21,45 , 

52 

53 

24,80 

20,82 

21,68 

24,99 

21,01 

21,88 

53 

54 

25,26 

21,21 

22,11 

25,46 

21,41 

22,31 , 

54 

55 

25,73 

21,60 

22,54 

25,93 

21,81 

, 22,74 

55 

56 

i 26,20 

22,00 

22,96 

26,40 

22,20 

23,17 

56 

57 

26,67 

22,39 

23,39 

26,87 

22,60 

23,61 

57 

58 

, 27,14 

22,78 

23,82 

27,34 

23,00 

24,04 

58 

59 

27,61 

23,17 

24,25 

27,81 

\ 23,39 

24,47 

59 

60 

1 28,07 

> 23,57 

24,68 , 

28,29 

23,79 

24,91 

60 

61 

! 28,54 

23,96 

25,11 

28,76 

24,19 

25,34 

61 

62 

29,01 

24,35 

25,54 

29,23 

24,58 

25,77 , 

62 

63 

1 29,48 

24,75 

25,97 

29,70 

24,98 

26,21 ’ 

63 

64 

| 29,95 

25,14 

26,41 

30,17 

25,38 

26,65 ’ 

• 64 

65 

! 30,41 

25,53 

26,84 

30,64 

25,77 

27,09 

65 

66 

j 30,88 

' 25,93 

27,27 

31,11 

26,17 

1 27,53 i 

66 

67 

31,35 

26,32 

27,71 

31,59 

26,57 

27,97 

67 

68 

31,81 

26,71 

28,14 

32,06 

26,96 

28,41 

68 

69 

i 32,28 

27,10 

28,58 

32,53 

27,35 

28,85 . 

69 

70 

! 32,75 

27,50 

29,02 

33,00 

27,75 

i 29,29 j 

70 
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Table I 


CioHinO 


t. V. 

■ Acetate 

i 

Alcohol 

Alcohol in , 
the orig, oil 

71 

24,85 

19,53 

20,62 

72 

; 25,20 

19,80 

20,93 

73 

25,55 

20,08 

21,24 

74 

25,90 

20,35 

21,55 

75 

26,25 

20,63 

21,85 

76 

26,60 

20,90 

22,16 

77 

26,95 

21,18 

22,47 

78 

27,30 

21,45 

22,78 

79 

27,65 

21,73 

23,09 

80 

28,00 

22,00 

23,40 

81 

28,35 

22,28 

23,72 

82 

28,70 

22,55 

24,03 

83 

29,05 

22,83 

24,34 

84 

29,40 

23,10 

24,65 

85 

29,75 

23,38 

24,97 

86 

30,10 

23,65 

25,28 

87 

30,45 

23,93 

25,60 

88 

30,80 

24,20 

25,91 

89 

31,15 

24,48 

26,23 

90 

31,50 

24,75 

26,54 

91 

31,85 

25,03 

26,86 

92 

32,20 

25,30 

27,18 

93 

32,55 

25,58 

27,49 -I 

94 

32,90 

25,85 

27,81 

95 

33,25 

26,13 

28,13 

96 

33,60 

, 26,40 

28,45 

97 

33,95 

26,68 

28,77 

98 

34,30 

26,95 

29,09 

99 

34,65 

27,23/ 

29,41 ! ' 

100 . 

35,00 

| 27,50 

29,73 i 

101 

35,35 

GO 

CM 

30,05 , 

102 

35,70 

! 28,05 ; 

30,37 . 

m3 

36,05 

! 28,33 

30,70 ■ 

104 

36,40 

28,60 

31,02 

105 

36,75 

28,88 

31,34 

106 

37,10 , 

29,15 i 

31,67 

107 , 

37,45 

29,43 | 

31,99 i 

108 : 

37,80 I 

29,70 ! 

32,32 

109 , 

38,15 

29,98 1 

32,64 ' 

110 

38,50 

30,25 ! 

32,97 


CioHkoO 


Acetate 

Alcohol 

Alcohol in 
the orig. oil 

I ,v. 

25,10 

19,78 

20,89 , 

; 71 

25,46 

20,06 

21,20 ; 

72 

25,81 

20,34 

21,51 : 

73 

26,16 

20,61 

21,83 

74 

26,52 

20,89 

22,14 

75 

26,87 

21,17 

22,45 

76 

27,22 

21,45 

22,77 

77 

27,58 

21,73 

23,08 

78 

27,93 

22,01 

23,39 

79 

28,29 

22,29 

23,71 

80 

28,64 

22,56 

24,02 

81 

28,99 

22,84 

24,34 

82 

29,35 

23,12 

24,66 

83 

29,70 , 

23,40 

24,97 

84 

30,05 

23,68 

25,29 

85 

30,41 

23,96 

25,61 

86 

30,76 

24,24 

25,93 

87 

31,11 

24,51 

26,25 

88 

31,47 

24,79 

26,57 

89 

31,82 

25,07 

26,89 

90 

32,17 

25,35 

27,21 

91 

32,53 ' 

25,63 

27,53 

92 

32,88 ; 

25,91 

27,85 

93 

33,24 

26,19 

28,17 

94 

33,59 

26,46 

28,49 

95 

33,94 

26,74 

28,82 

96 

34,30 

27,02 

29,14 

97 

34,65 

27,30 

29,47 

98 

35,00 

27,58 

29,79 , 

99 

35,36 

27,86 

30,11 ! 

100 

35,71 ! 

28,14 , 

30,44 

101 

36,06 

28,41 1 

30,77 : 

102 

36,42 ' 

28,69 1 

31,09 

103 

36,77 , 

28,97 i 

31,42 ; 

104 

37,12 1 

29,25 ! 

31,75 

105 

37,48 ! 

29,53 

32,08 1 

106 

37,83 : 

29,81 i 

32,41 

107 

38,19 

30,09 . 

32,74 ; 

108 

38,54 

30,36 ! 

33,07 : 

109 

38,89 ! 

30,64 i 

33,40 

110 
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F. V. 

! 1 

Acetate : 

Alcohol 

Alcohol in 
the orig, oil 

Acetate j 

Alcohol 

Alcohol in 1 
the orig. oil 

fi. V. 

71 

33,22 

27,89 

29,46 

33,47 

28,15 

29,73 

71 

72 

33,69 

28,28 

29,90 

33,94 

28,54 

30,17 

72 

73 

34,15 

28,67 

30,34 

34,41 

28,94 

30,61 

73 

74 

34,62 

29,07 

30,78 

34,89 

29,34 

31,06 

74 

75 

35,09 

29,46 

31,22 

35,36 

29,73 

31,50 

75 

76 

35,56 

29,85 

31,66 

35,83 

30,13 

31,95 

76 

77 

36,03 

30,25 

32,10 

36,30 

30,53 

32,40 

77 

78 

36,49 

30,64 

32,54 

36,77 

30,92 

32,84 

78 

79 

36,96 

31,03 

32,98 

37,24 

31,31 

33,29 

79 

80 

37,43 

31,43 

33,43 

37,71 

31,71 

33,74 

80 

81 

37,90 

31,82 

33,87 

38,19 

32,11 

34,19 

81 

82 

38,37 

32,21 

34,32 

38,66 

32,50 

34,64 

82 

&3 

38,84 

32,60 

34,77 

39,13 

.'12,90 

35,09 

83 

84 

39,30 

33,00 

35,22 

39,60 

33,30 

35,54 

84 

85 

39,77 

33,39 

35,66 

40,07 

33,69 

35,99 

&5 

86 

40,24 

33,78 

36,11 

40,54 

34,09 

36,44 

86 

87 

40,70 

34,18 

36,56 

41,01 

34,49 

.36,90 

87 

88 

41,17 

34,57 

37,01 

41,49 

34,88 

37,35 

88 

89 

41,64 

34,96 

37,46 

41,96 

35,28 

37,80 

89 

90 

42,11 

35,36 

37,92 

42,43 

35,68 

38,26 

90 

91 

42,57 

35,75 

38,37 

42,90 

36,08 

.18,71 

91 

92 

43,04 

36,14 

38,82 

43,37 

36,47 

39,17 

92 

93 

43,51 

36,53 

39,27 

43,84 

36,87 

39,63 

93 

94 

43,98 

36,92 

39,73 

44,31 

37,26 

40,09 

94 

95 

44,45 

37,32 

40,18 

44,79 

37,66 

40,55 

95 

96 

44,92 

37,71 

40,64 

45,26 

38,05 

41,01 

96 

97 

45,39 

38,10 

41,10 

45,73 

38,45 

41,47 

97 

98 

45,85 

38,50 

41,55 

46,20 

.38,85 

41,93 

98 

99 

46,32 

38,89 

42,01 . 

46,67 

39,24 

42,39 

99 

100 

46,79 

39,29 

42,47 

47,14 

'39,64 

42,86 

100 

101 

47,26 

39,68 

42,93 

47,61 

40,04 

43,32 

101 

102 

47,72 

40,07 

43,39 

48,09 

40,43 

43,78 

102 

103 

48,19 

40,46 

43,85 

48,56 

40,83 

44,24 

103 

104 

48,66 

40,85 

44,32 i 

49,03 

41,23 

44,71 

404 

105 

49,13 

41,25 

44,78 

49,50 

41,63 

45,18 

105 

106 

1 49,59 

41,64 

45,24 | 

49,97 

42,02 

45,65 

106 

107 

50,06 

42,04 

45,70 

50,44 

42,42 

46,12 

107 

108 

50,53 

42,43 

46,16 

50,91 

42,81 

46,59 

108 

109 

51,00 

42,82 

46,63 i 

51,39 

43,21 

47,06 

109 

110 

51,46 

43,21 

47,10 ’ 

51,86 

43,61 

47,53 

110 
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CioH 18 0 CioH t oO 


E. V. 

Acetate 

! Alcohol 

! Alcohol in 
the ong. oil 

Acetate 

Alcohol 

Alcohol in 
■ the orig oil 

E. V. 

Ill 

38,85 

30,53 

33,30 ! 

39,25 

30,92 

' 33,73* 

Ill 

112 

39,20 

30,80 

33,62 

39,60 

31,20 

, 34,06 

112 

113 

39,55 

31,08 

33,95 

39,95 

31,48 

34,39 

113 

114 

39,90 

31,35 

34,28 ' 

40,31 

31,76 

1 34,73 

114 

115 

40,25 

31,63 

34,61 

40,66 

32,04 

! 35,06 

115 

116 

40,60 

31,90 

34,94 

41,01 

32,31 

35,39 

116 

117 

40,95 

32,18 

35,27 

41,37 

32,59 

: 35,73 

117 

118 

41,30 

32,45 

; 35,60 

41,72 

32,87 

36,06 

118 

119 

41,65 

32,73 

35,93 

42,07 

33,15 

36,40 

119 

120 

42,00 

33,00 

36,26 

42,43 

33,43 

36,73 

120 

121 

42,35 

33,28 

■ 36,60 

42,78 

33,71 

37,07 

121 

122 

42,70 

33,55 

1 36,93 1 

43,14 

33,99 

37,41 

122 

123 

43,05 

33,83 

, 37,26 : 

43,49 

34,26 

37,75 

123 

124 

43,40 

34,10 

37,60 |l 

43,84 

34,54 

38,08 ' 

124 • 

125 

43,75 

34,38 

37,93 1 

44,20 

34,82 

38,42 

125 

126 

44,10 

34,65 

38,27 ; 

44,55 

35,10 

38,76 

126 

127 

44,45 

34,93 

38,60 : 

44,90 

35,38 

39,10 

127 

128 

44,80 

35,20 

38,94 

45,26 

35,66 

39,44 

128 

129 

45,15 

35,48 

39,27 

45,61 

35,94 

39,78 

129 

130 

45,50 

35,75 

39,61 i 

45,96 

36,21 

40,13 

130 

131 

45,85 

36,03 

39,95 ' 

46,32 

36,49 

40,47 

131 

132 

46,20 

36,30 

40,29 ;| 

46,67 ! 

36,77 

40,81 

132 

133 

46,55 

36,58 

I 40,63 j> 

47,02 ; 

37,05 

41,16 

133 

134 

46,90 

36,85 

40,97 i 

47,38 

37,33 

41,50 

134 

135 

47,25 

37,13 

41,31 ! 

47,73 

37,61 

41,84 

135 

136 

47,60 

37,40 

: 41,65 ' 

48,09 

37,89 

42,19 

136 

137 

47,95 

37,68 

41,99 l 

48,44 

38,16 

42,53 

137 

138 

48,30 

37,95 

42,33 ; 

48,79 

38,44 

42,88 

138 

139 

48,65 

38,23. 

42,67 ; 

49,15 , 

38,72 

43,23 

139 

140 

49,00 

38,50* 

43,02 1 

49,50 

39,00 

43,58 

140 

141 

49,35 

38,78 

43,36 >! 

49,85 

39,28 

43,92 

141 

142 1 

49,70 

39,05 

43,71 !i 

50,21 

39,56 

44,27 

142 

143 ] 

50,05 

39,33 

44,05 ! 

50,56 

39,84 

44,62 

143 

144 

50,40 

39,60 

44,39 ' ! 

50,91 

40,11 

44,97 

144 

145 

50,75 

39,88 

44,74 

51,27 

40,39 

45,32 

145 

146 

51,10 

40,15 

45,09 ij 

51,62 

40,67 

45,67 

146 

147 

51,45 

40,43 

45,44 ■ 

51,97 1 

40,95 

46,02 

147 

148 

51,80 1 

40,70 

45,78 ? 

52,33 

41,23 : 

46,38 

148 

149 

52,15 

40,98 

46,13 

52,68 

41,51 ; 

46,73 

149 

150 

52,50 

41,25 

46,48 f 

53,04 ! 

41,79 ' 

47,08 

150 
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C,»H„0 f C»HhO 


E. V. | 

i 

Acetate 

Alcohol 

Alcohol in 

Acetate 

Alcohol 

i Alcohol in 

E. V. 



toe ong. oii| 

1 the orig, oil 


111 1 

51,93 

43,60 

47,57 

52,33 

44,00 

| 48,00 

Ill 

it2 i 

52,40 

44,00 

48,04 

52,80 

44,40 

j 48,47 

112 

113 | 

52,87 

44,39 

48,50 

53,27 

53,74 

44,80 

; 48,94 

113 

114 ! 

53,34 

44,78 

48,97 

45,19 

i 49,42 

114 

115 i 

53,81 

45,17 

49,44 

54,21 

45,59 

! 49,89 

115 

116 ; 

54,28 

45,57 

49,91 

54,69 

45,99 

| 50,36 

116 

117 1 

54,74 

45,96 

50,39 

55,16 

46,38 

50,84 

117 

118 ! 

55,21 

46,35 

50,86 

55,63 

46,78 

51,32 

118 

119 

55,68 

46,74 

51,33 j! 56,10 

47,18 

| 51,80 

119 

120 

56,14 

47,14 

51,81 

56,57 

47,57 

1 52,28 

120 

121 ! 

56,61 

47,53 

52,28 

57,04 

47,97 

52,76 

121 

122 

57,08 

47,92 

52,76 

57,51 

48,36 

53,24 

122 

123 1 

57,55 

48,32 

53,23 

57,99 

48,76 

i 53,72 

123 

124 

58,01 

48,71 

53,71 

58,46 

49,16 

54,20 

124 

125 | 

58,48 

49,10 

54,18 

58,93 

49,55 

54,68 

125 

126 j 

58,95 

49,50 

54,66 

59,40 

49,95 

55,17 

126 

127 ! 

59,42 

49,89 

55,14 

59,87 

50,35 

i 55,65 

127 

128 

59,89 

50,28 

55,62 

60,34 

50,74 

! 56,13 

128 

129 ; 

60,36 

50,67 

56,11 

60,81 

51,14 

: 56,62 

129 

130 1 

60,82 

51,07 

56,59 

61,28 

51,54 

57,10 

130 

131 

61,29 

51,46 

57,07 

61,75 

' 51,93 

1 57,59 

131 

132 

61,76 

51,85 

57,55 

62,22 

52,33 

! 58,08 

132 

133 

62,23 

52,25 

58,03 

62,70 

52,73 

1 58,57 

133 

134 

62,70 

52,64 

58,52 

63,17 

53,12 

; 59,06 

134 

135 

63,16 

53,03 

59,00 

63,64 

53,52 

59,55 

135 

136 

63,63 

1 53,42 

59,49 

64,11 

53,92 

! 60,04 ] 

136 

137 , 

64,10 

53,82 

59,98 

64,59 

54,31 

i 60,53 

; 137 

138 ; 

64,57 

54,21 

60,47 

65,06 

54,71 

j 61,02 

138 

139 

65,04 

54,60 

60,96 

65,53 

*.55,11 

j 

1 139 

140 j 

65,50 

i 55,00 

61,45 

66,00 

| 55,50 

62,01 

140 

141 | 

65,97 

55,39 

61,94 , 

i 66,47 

55,90 

! 62,50 

! 141 

142 

66,44 

55,78 

62,43 I 

1 66,94 

56,30 

i 63,00 

142 

143 ; 

66,90 

1 56,18 

62,93 

; 67,41 

. 56,69 

! 63,50 

143 

144 , 

67,37 

56,57 

63,42 i 

1 67,89 

I 57,09 

64,00 

144 

145 | 

67,84 

56,96 

63,92 1 

■ 68,36 

1 57,49 

i 64,50 

145 

146 

68,31 

: 57,35 

64,41 ! 

! 68,83 

i 57,88 

i 65,00 

146 

147 ! 

68,78 

i 57,75 

j 64,91 

1 69,30 

j 58,28 

i 65,50 

147 

148 ! 

69,25 

1 58,14 

i 65,40 | 

! w? 

! 58,68 

I 66,00 

148 

149 i 

69,72 

1 58,53 

65,90 70,24 

j 59,07 

j 66,50 

149 

150 | 70,18 i 58,93 ! 66,40 j 70,71 

GlLbEMElSTER, THE VOLATILE OILS. 

i 59,46 

j 67,00 
40 

150 
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Table I 



C,o 

H jh O 



C l0 H 

*oO 


E, V. 

Acetate 

Alcohol 

Alcohol in j 
the orig. oil 1 

Acetate 

Alcohol 

' Alcohol in ; 
the orig. oil j 

E.V. 

151 

' 52,85 

41,53 

46,83 

53,39 

42,06 

47,44 1 

151 

152 

53,20 

41,80 

47,18 

53,74 

42,34 

47,79 

152 

153 

53,55 

42,08 

47,53 

54,10 

42,62 

48,15 

153 

154 

53,90 

42,35 

47,88 , 

54,45 

42,90 

48,50 ' 

154 

155 

54,25 

42,63 

48,23 

54,80 

43,18 

' 48,86 

155 

156 

54,60 

42,90 

’ 48,58 

55,16 

43,46 

49,21 

156 

157 

54,95 

43,18 

48,94 

55,51 

43,74 

49,57 

157 

158 

55,30 

43,45 

49,29 , 

55,86 

44,01 

49,93 

158 

159 

55,65 

43,73 

49,65 

56,22 

44,29 

50,29 

159 

160 

56,00 

44,00 

50,00 

56,57 

44,57 

50,65 

160 

161 

56,35 

44,28 

50,36 

56,92 

44,85 

51,01 , 

161 

162 

56,70 

44,55 

50,71 

57,28 

45,13 

51,37 

162 

163 

57,05 

44,83 

51,07 

57,63 

45,41 

51,73 

163 

164 

■ 57,40 

45,10 

51,42 

57,99 

45,69 

52,09 

164* 

165 

57,75 

45,38 

51,78 

.58,34 

45,96 

52,46 

165 

166 

58,10 

45,65 

52,14 

58,69 

46,24 

52,82 

166 

167 

58,45 

45,93 

52,50 

.59,05 

46,52 

53,18 

167 

168 

58,80 

46,20 

52,86 

59,40 

46,80 

53,55 

168 

169 

59,15 

46,48 

53,22 

59,75 

47,08 

53,91 

169 

170 

59,50 

46,75 

53,58 

60,11 

47,36 

54,28 

170 

171 

59,85 

47,03 

53,94 

60,46 

47,64 

54,64 

171 

172 

60,20 

47,30 

54,31 

60,81 

47,91 

55,01 

172 

173 

60,55 

47,58 

54,67 

61,17 

48,19 

55,38 

173 

174 

60,90 

47,85 

55,03 

61,52 

48,47 

55,75 

174 

175 

61,25 

48,13 

55,40 

61,87 

48,73 

56,12 

175 

176 

61,60 

48,40 

55,76 

62,23 

49,03 

56,48 

176 

177 

61,95 

48,68 

56,13 

62,58 

49,31 

56,85 

177 

178 

62,30 

48,95 

56,49 

62,94 

49,59 

57,23 

178 

179 

62,65 

49,2? 

56,86 

63,29 , 

49,86 

57,60 

179 

180 i 

63,00 

49,50 

57,22 

63,64 

i 

50,14 

57,97 . 

180 

181 

63,35 

49,78 

57,59 

64,00 

50,42 

58,34 , 

181 

182 

63,70 

50,05 

57,96 

64,35 

50,70 

58,71 ; 

182 

183 

64,05 

50,33 

58,33 

64,70 

50,98 ■ 

59,09 i 

183 

184 

64,40 

50,60 

58,70 

65,06 

51,26 

59,46 , 

184 

185 

64,75 

50,88 

59,07 

65,41 

51,54 , 

59,84 , 

185 

186 

65,10 

51,15 

59 , 44 

65,76 

51,81 

tO, 21 j 

186 

187 

65,45 

51,43 

59,81 1 

66,12 

52,09 ; 

60,59 : 

187 

188 

65,80 

51,70 

60,19 

66,47 , 

52,37 

60,97 | 

188 

189 

66,15 

51,98 

60,56 

66,82 

52,65 

61,35 ; 

189 

190 

66,50 

* 

52,25 

60,93 ' 

67,18 

52,93 ■ 

61,72 | 

190 


Table I 
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Clf! 

H «0 

_ .. j 


CM 

*0 


E. V. 

Acetate 

Alcohol 

1 Alcohol in j| 

I the orig. oil ij 

Acetate 

j Alcohol 

Alcohol in 
the orig. oil 

E. V. 

151 

70,65 

59,32 

i 66,90 • 

71,19 

59,86 

67,51 

151 

152 

71,12 

59,71 

67,40 

71,66 

60,26 

68,01 

152 

153 

71,58 

60,10 

■ 67,90 

72,13 

, 60,65 

68,52 

153 

154 

72,05 

60,50 

, 68,40 

72,60 

61,95 

69,02 

154 

155 

72,52 

60,89 

68,90 jj 
69,41 | 

73,07 

61,45 

69,53 

155 

156 

72,99 

! 61,28 

73,54 

61,84 

70,04 

156 

157 

73,46 

61,68 

69,91 4 

74,01 

62,24 

70,55 

157 

158 

73,92 

; 62,07 

70,42 ; 

74,49 

62,64 

71,06 

158 

159 

74,39 

62,46 

70,92 

74,96 

63,03 

71,57 

159 

160 

74,86 

■ 62,86 

71,43 i 

75,43 

63,43 

72,08 

160 

161 

75,33 

63,25 

, 71,93 ; 

75,90 

63,83 

72,59 

161 

162 

75,80 

63,64 

72,44 ; 

76,37 

64,22 

73,10 

162 

163 

76,26 

64,03 

72,95 '! 

76,84 

64,62 

73,62 

163 

164 

76,73 

64,42 

73,46 | 

77,31 

65,02 

74,13 

164 

165 

77,20 

64,82 

! 73,97 

77,78 

65,41 

74,65 

165 

166 

77,67 

65,21 

74,49 

78,26 

65,81 

75,16 

166 

167 

78,14 

65,60 

75,00 ' 

78,73 

66,21 

75,68 

167 

168 

78,60 

66,00 

! 75,52 ! 

79,20 

66,60 

76,20 

168 

169 

79,07 

66,39 

76,03 

79,67 

67,00 

76,72 

169 

170 | 

79,54 

, 66,79 

76,55 ' 

80,14 

67,39 

77,24 

170 

! 

171 

80,01 

67,18 

77,06 :i 

80,61 

67,79 - 

77,76 

171 

172 

80,48 

' 67,57 

77,58 i ! 

81,08 

| 68,19 

78,28 

172 

173 

80,94 

67,96 

78,10 

81,56 

68,58 

78,81 

173 

174 ; 

81,41 

; 68,35 

78,62 ' 

82,03 

68,98 

79,33 

174 

175 | 

81,88 

68,75 

79,14 

82,50 

69,38 

79,85 

175 

176 1 

82,35 

69,14 

79,66 1, 

82,97 

69,77 

80,158 

176 

177 1 

82,81 

69,54 

80,18 ;; 

83,44 

. 70,17 1 

80,91 

177 

178 

83,28 

69,93 

80,70 I; 

83,91 

' 70,57 

81,43 

178 

179 

83,75 

70,32 

81,23 i 

84,38 

70,96 | 

81,96 

179 

180 1 

84,21 

70,71 

| SI, 75 

84,86 

1 71,36 I 

82,49 

180 

181 , 

84,68 

71,10 

I 82,28 

85,33 

71,76 ; 

83,02 

181 

182 ' 

85,15 

; 71,50 

! 82,80 ■; 

85,80 

72,15 

83,55 

! 182 

183 

85,62 

71,89 

j 83,33 

86,27 

72,55 

84,09 

1 183 

184 

86,09 

72,28 

j 83,86 ;j 

86,74 

72,95 

84,62 

' * 184 

185 

86,56 

72,68 

j 84,39 |! 

87,21 




186 

87,03 

73,07 

84,92 J 

87,68 




187 

87,49 

73,46 

85,45 j, 

88,16 

74,14 

86,22 

187 

188 

87,96 

73,86 

! 85,98 1' 

88,63 

74,53 

86,76 

188 

189 

88,43 

74,25 

1 86,51 

89,10 

74,93 

87,30 

189 

190 

88,89 

. 74,64 

| 87,05 ; 

89,57 

75,32 

• 

# 

87,84 

40* 

190 



C M 

H ih O 



C 10 H 

ioO 


E. V. 

] Acetate 

Alcohol 

Alcohol in 
. the orig. oil 

Acetate 

1 Alcohol 

1 Alcohol in 
! the orig. oil 

E. V. 

191 

! 66,85 

52,53 

61,31 

67,53 

53,21 

62,10 

191 

192 

! 67,20 

52,80 

f 61,68 

67,89 

| 53,49 

! 62,48 

192 

193 

67,55 

53,08 

62,06 

68,24 

! 53,76 

62,86 

193 

194 

67,90 

53,35 

62,43 

68,59 

54,04 

j 63,24 

194 

195 

68,25 

53,63 

62,81 1 

68,95 

1 54,32 

1 63,63 

195 

196 

68,60 

53,90 

63,19 

69,30 

' 54,60 

64,01 

196 

197 

68,95 

54,18 

, 63,57 

69,65 

! 54,88 

64,39 

197 

198 

69,30 

54,45 

■ 63,95 

70,01 

, 55,16 

64,78 

198 

199 

69,65 

54,73 

, 64,33 

70,36 

55,44 

65,16 

199 

200 

70,00 

55,00 

. 64,71 

70,71 

55,71 

65,55 

200 

201 

70,35 

55,28 

1 65,09 

71,07 

55,99 

65,93 

201 

202 

70,70 

55,55 

65,47 

71,42 

. 56,27 

66,32 

202 

203 

71,05 

55,83 

1 65,85 ; 

71,77 

► 56,55 

66,71 

203 

204 

71,40 

56,10 

66,23 

72,13 

, 56,83 

67,09 

204 • 

205 

71,75 

. 56,38 

66,62 1 

72,48 

57,11 

67,48 

205 

206 

72,10 

56,65 

67,00 ■ 

72,84 

57,39 

67,87 

206 

207 

72,45 

56,93 

67,39 ■ 

73,19 

57,66 

68,26 

207 

208 

72,80 

57,20 

67,77 

73,54 

: 57,94 

68,65 

208 

209 

73,15 

57,48 

68,16 

73,90 

58,22 

69,04 

209 

210 

73,50 

57,75 

68,55 

74,25 

58,50 

69,44 | 

210 

211 i 

73,85 . 

58,03 

68,93 

74,60 

, 58,78 1 

69,83 , 

211 

212 1 

74,20 

58,30 

i 99,32 

74,96 

59,06 i 

70,22 : 

212 

213 

74,55 

58,58 

! 69,71 

75,31 

59,34 ! 

70,62 , 

213 

214 

74,90 

58,85 

70,10 

75,66 

59,61 ; 

71,01 

214 

215 

75,25 , 

59,13 

; 70,49 

76,02 

59,89 • 

71,41 : 

215 

216 

75,60 ! 

59,40 

70,88 

76,37 

i 60,17 

71,80 

216 

217 

75,95 

59,68 

71,28 

76,72 

60,45 

72,20 i 

217 

218 

76,30 : 

59,95 

71,67 

77,08 

60,73 

72,60 

218 

219 

76,65 ; 

60 , 23 / ! 

72,06 

77,43 

61,01 

73,00 

219 

220 

77,00 

60,50 

72,45 

77,79 

; 61,29 

73,40 

220 

221 

77,35 

60,78 

72,85 

78,14 

61,56 j 

73,80 : 

221 

222 

77,70 

61,05 

73,25 

78,49 

61,84 : 

74,20 , 

222 

223 

78,05 

61,33 j 

73,64 

78,85 

62,12 ! 

74,60 1 

223 

224 

78,40 

61,60 

74,04 

79,20 

62,40 ! 

75,00 

224 

225 

78,75 1 

61,88 

74,44 

79,55 

' 62,68 1 

75,40 : 

225 

226 

79,10 ' 

62,15 

74,84 i 

79,91 

62,96 

75,81 i 

226 

227 

79,45 j 

62,43 

75,23 

80,26 

63,24 , 

76,21 • 

227 

228 , 

79,80 

62,70 ; 

75,63 i 

80,61 

63,51 : 

76,62 

228 

229 l 

so.is : 

62,98 ; 

76,03 I’ 

80,97 

63,79 ! 

77,02 j 

229 

230 

80,50 . 

63,25 : 

76,44 | 

81,32 

! 64,07 i 

77,43 1 

230 
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C.*H«0 C, k H„0 


E. V. 

1 i 

| Acetate , 

Alcohol 

| Alcohol hi 
! the orig. oil 

Acetate 1 

Alcohol 

' Alcohol in ! 
the ong. oil j 

R. V. 

191 

! 89,36 

75,03 

; 87,58 ,i 

90,04 j 

75,72 

1 88,38 j 

191 

192 

89,83 

75,42 

; 88,12 

90,51 

76,12 

i 88,92 j 

192 

193 

90,30 

75,82 

88,65 I' 

90,98 

76,51 

j 89,46 ■ 

193 

194 

90,77 

76,21 

' 89,19 

91,46 1 

76,91 

90,00 j 

194 

195 

1 91,24 

76,60 

: 89,73 

91,93 

77,31 

1 90,54 | 

195 

19b 

91,70 

77,00 

1 90,27 

92,40 

77,70 

| 91,09 | 

196 

197 

1 92,17 

77,39 

j 90,81 

92,87 

78,10 

! 91 ,M ! 

197 

198 

92,64 

77,78 

• 91,35 

93,34 

78,50 

i 92,18 j 

198 

199 

93,11 

78,17 

91,89 

93,81 ' 

78,89 

92,73 ; 

199 

200 

! 93,57 

78,57 

i 92,44 

94,28 

79,29 

93,28 

200 

201 

94,04 

78,96 

92,98 

94,76 • 

79,68 

; 93,83 i 

201 

202 

. 94,51 ' 

79,35 

93,53 

95,23 

80,08 

' 94,38 

202 

203 

94,98 

79,75 

94,07 

95,70 , 

80,48 

, 94,93 

203 

204 

95,44 

80,14 

: 94,62 

96,17 j 

80,87 

95,48 

204 

205 

95,91 

80,53 

95,17 

96,64 ' 

81,26 

96,03 

205 

206 

96,38 

80,92 

95,72 

97,11 

81,66 

96,59 

206 

207 

9o,85 

81,32 

96,27 , 

97,58 

82,06 

i 97,14 

207 

208 

97,32 

81,71 

1 96,82 

98,05 

82,45 

97,70 : 

208 

209 

97,79 

82,10 

! 97,37 

98,52 ' 

82,85 

; 98,25 , 

209 

210 

98,25 

82,50 

: 97,92 , 

99,00 ' 

83,25 

! 98,81 ! 

210 

211 

, 98,72 

82,89 

98,48 

99,47 . 

83,64 

; 99,37 

211 

212 

99,19 

83,28 

99,03 

99,94 , 

84,04 

I 99,93 | 

212 

213 

99,66 

83,67 

99,59 

100,41 1 

84,44 

100,49 j 

213 

214 

100,12 

84,07 

100,14 




214 
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Cj( 

HjhO 



C,„H w O 


E. V. 

Acetate 

i Alcohol 

Alcohol in 1; 

1 the ong. oil , 

Acetate 

Alcohol 

Alcohol in 
the orig. oil 

E. V. 

231 

80,85 

' 63,53 

! 76,84 

81,67 

64,35 

77,83 

231 

232 

81,20 

63,80 

1 77,24 

82,03 

64,63 

78,24 

232 

233 

81,55 

64,08 

| 77,64 1 

82,38 

64,91 

78,65 

233 

23* 

81,90 

64,35 

78,05 ; 

82,74 

65,19 

79,06 

234 

235 

82,25 

64,63 

78,45 

83,09 

65,46 

79,47 

235 

236 

82,60 

64,90 

78,86 

83,44 

65,74 

79,88 

1 236 

237 

82,95 

65,18 

79,27 

83,80 

66,02 

80,29 

237 

238 

83,30 

65,45 

, 79,67 

84,15 

66,30 

80,71 

238 

239 

83,65 

65,73 

80,08 1 

84,50 

66,58 

81,12 

239 

240 

84,00 

66,00 

80,49 

84,86 

66,86 

81,53 

240 

241 

84,35 

! 

| 66,28 

80,90 

85,21 

67,14 

81,95 

241 

242 

84,70 

j 66,55 

81,31 

85,56 

67,41 

82,36 

242 

243 

85,05 

66,83 

81,72 

85,92 

67,69 

82,78 

243 

244 

85,40 

67,10 

82,13 

86,27 

67,97 

83,20 

244 ’ 

245 

85,75 

, 67,38 

82,54 : 

86,62 

68,25 

83,61 

245 

246 

86,10 

67,65 

82,96 i; 

86,98 

68,53 

84,03 

246 

247 

86,45 

67,93 

83,37 

87,33 

68,81 

84,45 

247 

248 

86,80 

68,20 

83,78 ' 

87,69 

69,09 

84,87 

248 

249 

87,15 

68,48 

84,20 , 

88,04 

69,36 

85,29 

249 

250 

87,50 

68,75 

^ 84,62 

88,39 

69,64 

85,71 

! 250 

251 

87,85 

| 69,03 

&5.03 j: 

88,75 

69,92 

86,14 

251 

252 

88,20 

69,30 

85,45 

89,10 

70,20 

86,56 

| 252 

253 

88,55 

j 69,58 

; 85,87 

89,45 ! 

70,48 

86,98 

| 253 

254 : 

88,90 

69,85 

| 86,29 

89,81 | 

70,76 1 

87,41 

254 

255 . 

89,25 

70,13 

j 86,71 Ji 

90,16 | 

71,04 

87,83 I 

i 255 

256 

89,60 

70,40 

! 87,13 

90,51 1 

71,31 ! 

88,26 1 

1 256 

257 

i 

89,95 

70,68 

87,55 ;! 

90,87 

71,59 ! 

88,69 | 

257 

258 

90,30 

70,95 

87,97 ' 

91,22 ; 

71,87 ! 

89,11 

258 

259 

90,65 

71,23/ 

! 88,40 

91,57 

72,15 ! 

89,54 

259 

260 1 

l 

91,00 

71,50 

88,82 

91,93 ! 

72,43 | 

89,97 ! 

i 

260 

261 1 

91,35 

71,78 

89,25 

92,28 1 

72,71 

90,40 1 

261 

262 

91,70 

72,05 

89,67 

92,64 

72,99 1 

90,83 | 

262 

263 ! 

92,05 

72,33 

90,10 

92,99 

73,26 , 

91,27 

263 

264 

92,40 

72,60 

90,52 

93,34 1 

73,54 i 

91,70 

264 

265 

92,75 

72,88 

90,95 

93,70 

73,82 | 

92,13 

265 

266 : 

93,10 

73,15 

91,38 

94,05 1 

74,10 

92,57 

266 

267 

93,45 

73,43 

91,81 

94,40 | 

74,38 ! 

93,00 

267 

268 i 

93,80 

73,70 

92,24 , 

94,76 1 

74,66 

93,44 

268 

269 : 

94,15 

73,98 

92,67 

95,11 ; 

74,94 

93,87 

269 

270 

94,50 

^ 74,25 

* 

93,10 

95,46 

75,21 , 

94,31 

270 


Table I 
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C..H..0 e,„H«,0 


E. V. 

Acetate 

Alcohol 

Alcohol in 
the orig. oil 

Acetate 

Alcohol 

i Alcoohn ! 

1 the orig. oil j 

P..V. 

271 

94,85 

74,53 

93,54 ! 

95,82 

75,49 

94,75 

271 

272 

95,20 

74,80 

93,97 

96,17 

75,77 

! 95,19 ! 

272 

273 

95,55 

75,08 

94,40 

96,52 

76,05 

1 95,63 ! 

273 

274 

95,90 

75,35 

94,84 ; 

96,88 

76,33 

| 96,07 | 

274 

275 

96,25 

75,63 

95,28 ; 

97,23 

76,61 

i 96,51 1 

275 

276 

96,60 

75,90 

95,71 

97,59 

76,89 

f 96,96 i 

276 

277 

96,95 

76,18 

96,15 

97,94 

77,16 

1 97,40 i 

277 

278 

97,30 

76,45 

96,59 

98,29 

77,44 

! 97,84 ; 

278 

279 

97,65 

76,73 

97,03 !' 

98,65 i 

77,72 

: 98,29 ; 

279 

280 

98,00 

77,00 

97,47 

99,00 1 

78,00 

: 98,73 

280 

281 

98,35 

77,28 

97,91 

99,35 

78,28 

99,18 ! 

281 

282 1 

98,70 ; 

77,55 

98,35 

99,71 

78,56 

99,63 : 

282 

283 1 

99,05 

77,83 

98,80 

100,06 

78,84 

: 100,08 ' 

283 

284 

99,40 

78,10 : 

99,24 




- 

285 

99,75 

78,38 

99,68 : 




— 

286 , 

100,10 

78,65 ; 

100,13 




- 


Tiglinate of geraniol: C 4 H T C00C ))l H IT . 


t:. v. 

i:%tci 

L V 

Tstcr 

r. v. , 

Estci 

L. V. 

Lstcr 

E. V. , 

Ester 

1 , 

0,42 

21 ; 

8,85 

i 

41 • 

17,28 

61 

25,71 

! 81 

34,13 

2 ! 

0,84 

: 22 

9,27 

42 ! 

17,70 

62 

26,13 

1 82 1 

34,55 

3 : 

1,26 

! 23 

9,69 

! 43 1 

18,12 

63 

26,55 

i 83 

34,98 

4 

1,69 

24 

10,11 

1 44 j 

18,54 

64 

26,97 

84 

35,40 

5 : 

2,11 

' 25 

10,54 

" 45 

18,96 

65 , 

27,39 

85 

35,82 

6 , 

2,53 

■ 26 ! 

10,96 

46 ' 

19,38 

I 1 66 | 

27,81 

i 86 

36,24 

7 1 

2,95 

’■ 27 ! 

11,38 

i: 47 ! 

19,80 

67 ; 

28,23 

i 87 

36,66 

8 1 

3,37 

28 

11,80 

48 

20,23 

i 68 | 

28,65 

!■ 88 

37,09 

9 

3,79 

29 , 

12,22 

! 49 

20,65 

69 ' 

29,08 

; 89 

37,51 

10 

4,21 

;i 30 ! 

12,64 

50 ’ 

21,07 

70T 

29,50 

! 90 

37,93 

11 i 

4,63 

; 31 

13,06 

• 51 

21,49 

71 

29,92 

' 91 ! 

38,35 

12 ! 

5,05 

1 32 

13,49 

52 

21,91 

72 

30,34 

92 i 

38,77 

13 

5,47 

! 33 

13,91 

53 

22,33 

1 73 , 

30,76 

93 

39,19 

14 ; 

5,90 

; 34 ] 

14,33 

54 

22,75 

! 74 , 

31,18 

1 94 

39,62 

15 ; 

6,32 

: 35 * 

14,75 

55 

23,18 

75 

31,61 

f 95 

40,04 

16 

6,74 

; 36 

15,17 

56 

23,60 

76 : 

32,03 

i. 96 ! 

40,46 

17 

7,16 

: 37 ! 

15,59 

57 

24,02 

77 : 

32,45 

, 97 ! 

40,88 

18 ' 

7,58 

' 38 : 

16,01 

58 

24,44 

78 : 

32,87 

!; 98 ! 

41,30 

19 1 

8,01 

39 

16,44 

59 

24,87 

!■ 79 ! 

33,29 

!; 99 

41,72 

20 

8,43 

’ 40 S 

16,86 

, 60 

25,29 

■ 80 , 

33,71 

iioo J 

42,14 




V 


1 


for Determining the Ester Value (Acid Value, Saponification Value; 

cc. " Potassium Nyi 
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Table II 


cc. 

"-KOH 

E. V. 
(A. V.; 


CioH 

hO 

. i 

Alcohol 

_ 

CioH»0 

S.V.) 

Tiglatc 

Acetate 

Alcohol 

rn the 
orig. oil 

Acetate 

Alcohol ! 

:i,l 

* ' 

24,39 

20,25 : 

15,91 

16,63 ; 

20,46 

16,12 , 

It/2 


25,17 

20,90 1 

16,42. 

17,20 ; 

21,12 

16,64 : 

8, It 

‘ 

25,90 

21,56 1 

16,94 

17,76 , 

21,78 

17,16 

:t,4 

' ’ * 

26,75 

22,21 

17,45 | 

18,33 ;j 

22,44 

17,68 : 

H, *“> 


1 27,53 

22^86 , 

17,96 ! 

18,90 

23,10 

18,20 | 

:t,« 


28,32 

23,5 2 

18,48 

19,46 1 

23,76 

18,72 j 

11,7 

»,s 


29,11 

24,17 

18,99 

20,03 ; 

24,42 I 

19,24 ! 


29,89 , 

24,82 

19,50 

20,60 i! 

25,08 ! 

19,76 

:t,ft 


30,68 , 

25,48 

20,02 ; 

21,18 ■ 

25,74 

20,28 

4,0 


31,47 

26,13 

.20,53 I 

21,75 , 

26,40 i 

20,80 


4,1 


32,25 

26,78 

21,04 

i 22,32 

27,06 

21,32 1 

4,2 


33,04 

27,44 

21,56 

22,90 

27,72 

21,84 

4, It 

4,4 


33,83 

28,09 

22,07 

23,48 

28,38 

22,% ! 

j 

34,61 

28,74 

. 22,58 

; 24,06 

29,04 

22,88 i 

4,5 

! ' * 

35,40 

29,40 

! 23,10 

i 24,65 

29,70 

i 23,40 | 

4,8 


! 36,19 

; 30,05 

23,61 

25,24 

„ 30,% 

23,92 j 

4,7 


! 36,97 

| 30,70 

24,12 

25,82 

" 31,02 

24,44 1 

4,s 


37,76 

31,.% 

24,64 

26,41 

31,68 

24,96 

4,9 

i ■ '• 

38,55 

32,01 

25,15 

27,01 

32,34 

25,48 : 

5,0 

• 

39,33 

32,66 

25,66 

27,60 

. 33,00 

26,00 

5,1 

! 

1 40,12 

| 33,32 

26,18 

| 28,19 

33,66 

26,52 

5,2 


1 40,91 

< 33,97 

i 26,69 

! 28,79 

. 34,32 

1 27,04 

5, It 


41,69 

1 34,62 

| 27,20 

29,39 

! 34,98 

1 27,56 

5,4 

! ’ 

42,48 

35,28 

j 27,72 

1 29,99 

i: 35,64 

1 28,08 

5,5 


| 43,27 

1 35,93 

28,23 

1 30,59 


1 28,60 

5,8 

| | 

44,05 

.36,58 

! 28,74 

31,19 

36,96 

i 29,12 

5,7 


44,84 

37,24 

; 29,26 

1 31,80 

I 37,62 i 

1 29,64 

5,S 

, 'r's. 1 

45,63 

37,89 

! 29,77 

32,40 

j 38,28 ! 

1 30,16 

5, ft 


46,41’ 

38,54 


; 33,01 

i 38,94 j 

| 30,68 

8,0 


47,20 



33,62 ! 

! 39,60 

31,20 

8,1 


47,99 

39,85 

31,31 

34,24 ! 

40,26 

31,72 

8,2 


48,77 

40,50 

‘ 31,82 

34,85 ! 

40,92 

32,24 

8, It 

i , ■ , ■ 

49,56 

41,16 

32,34 

35,47 ' 

i 41,58 

32,76 

M. | 

i ' , ' / 

50,35 

41,81 

32,85 

; %,09 

I 42,24 | 

33,28 


_ _ 1 

51,13 

1 42,46 

33,% 

| 36,71 ; 

42,90 

33,80 

8,8 

1 lf j 

51,92 

43,12 

33,88 

37,33 ~ 

: ” 43,56 ~ 

34,32 

8,7 

; 

52,71 

43,77 

34,39 

37,96 

44,22 

34,84 

8,S 

i, i i 

53,49 

44,42 

34,90 

38,58 

44,88 

35,% 

8, ft 

• | 

/ j , { 

54,28 

45,08 

35,42 

| 39,20 

45,54 

35,88 

7,0 

»/ , ,r>. 

55,07 

1 45,73 ! 

35,93 

39,83 

i 46,20 j 

%,40 
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C 15 H«°_ J 1 CnHiiO 

i Alcohol j ' 

Alcohol | in the i Acetate ! Alcohol 

orig. oil i 

22,73 ' 23,76 , 27,28 22,94 

23,46 1 24,56 > 28,16- 23,68 

24,20 j 25,37 i' 29,04 24,42 

24,93 j 26,17 ' 29,92 25,16 

25,66 I 26,98 30,80 25,90 

26,40 27,79 31,68 26,64 

27,13 28,61 32,56 27,38 

27,86 29,43 33,44 28,12 

28,60 30,25 34,32 28,86 

29,33 , 31,07 35,20 j 29,60 


30,06 

31,89 

36,08 

30,34 

32,18 

, | 

4,1 

30,80 

32,72 1 

36,96 

31,08 

33,02 

, \ .v ! 

4,2 

31,53 

33,55 ! 

37,84 

31,82 

33,86 


4,3 

32,26 ; 

34,38 

38,72 

32,56 

34,70 

! 

4,1 

, 33,00 ; 

35,22 

39,60 

33,30 , 

35,54 , 

i 

4,o 

33,73 

36,05 

40,48 

34,04 

36,38 

* | 

4,3 

. ;u,46 

36,89 

41,36 

34,78 

37,23 

' ‘ i 

1,7 

35,20 

37,73 1 

42,24 ' 

35,52 

38,07 


4,* 

' ' 35,93 

38,58 ! 

43,12 

36,26 

38,92 1 


4,3 

i j 36,66 

39,42 ■ 

44,00 

, 37,00 , 

39,78 

i 

;»,o 


37,40 , 40,27 44,88 , 37,74 

38,13 41,13 !. 45,76 ! 38,48 

1 38,86 41,98 46,64 39,22 

, 39,60 ; 42,84 1 47,52 39,96 

1 ; 40,33 j 43,70 48,40 , 40,70 

> ; 4i |0 6 44,56 49,28 41,44 

I i 41,80 ' 45,42 ' 50,16 42,18 

> , 42,53 46,29 51,04 42,92 

l ; 43,26 ' 47,16 51,92 43,66 

) 44,00 , 48,04 52,80 , 44,40 

I i ■ 


r 

44,73 

48,91 

53,68 1 

45,14 

49,35 j 


3,1 

1 

45,46 

49,79 

54,56 > 

45,88 

50,24 1 

!• i ' 

«,2 

i 

46,20 

50,67 

55,44 j 

46,62 

51,13 ; 

('0 


) 

46,93 

51,55 , 

56,32 j 

47,36 

52,02 ! 

/"<■ (. 

,3,4 

5 

j 47,66 

52,44 

57,20 | 

48,10 

52,92 i 

! 1 


4 ! 

! 48,40 

i 53,32 

58, 08^ I 

48,84 

i 53,82 ! 

& ,J‘> 

3,3 

1 

3 

49,13 

49,86 

54,21 1 
1 55,11 : 

58,96 
59,84 t 

49,58 

50,32 

! 54,72 | 

55,62 

. o: 

*_ Vi V < 

3,7 

5 

50,60 

1 56,01 1 

60,72 

51,06 

56,52 j 

L'SM 

6,» 

3 

51,33 

1 56,91 

61,60 | 

51,80 

57,43 i 

’ it 1 (h 

i 7,0 


40,64 

11 ■ " ! 

0,1 

41,50 


0,2 

42,36 

“V- 

5,3 

43,23 

’ M 

o,4 

44,09 , 

j 

o,5 

44,96 ! 

i 

■‘J;’ j 

5,3 

45,fl3 

5,7 

46,71 

j 

6,S 

47,59 1 


5,3 

48,47 : 

1 

3,0 


! 

E.V. 1 

cc. 

Alcohol 
in the 
orig. oh 

(A.V.; 

S. V.) 

2 KOH 

23,98 

>' 

3,1 

24,79 , 

1 

3,2 

25,60 

r! ,i,4 

3,3 

26,41 

11 i #' 

3,4 

27,23 

1 f 1 ' i 

3,5 

28,05 

v • 

3,3 

28,88 

■ . 

3,7 

29,70 

>" - , 

3,S 

30,52 

.v 

3,3 

31,35 

' i 

4,0 
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Table II 


cc. 

-KOH 

j E.V. 

1 (A.V.; 

| 

Ci. 

H.hO 

! 

Alcohol 

j * 

CioHioO 

i s v '> 

Tiglatc 

Acetate 

Alcohol 

in the 
orig. oil 

j Acetate 

| Alcohol j 

7.1 

1 : 

: 35,85 

46,38 

36,44 

40,47 ! 

46,86 

i 36,92 

7,2 


56,04 

47,04 

36,96 

41,10 1 

47,52 

: 37,44 

7,8 


57,43 

47,69 

37,47 

41,73 | 

48,18 

1 37,96 1 

7,4 

' . 

58,21 

48,34 

37,98 i 

42,37 

48,84 

i 38,48 | 

7,5 


59,00 

49,00 

j 38,50 , 

43,02 

49,50 

i. 39,00 | 

7,« 


59,79 

49,65 

' 39,01 1 

43,66 , 

50,16 

39,52 

7,7 


60,57 

50,30 

39,52 i 

44,30 

50,82 

j 40,04 

7,K 

‘ " i 

61,36 

50,96 

40,04 | 

44,95 

51,48 

i 40,56 ; 

7,11 

; i 

62,15 

51,61 

40,55 ! 

45,60 : 

52,14 

i 1 i 

i 41,08 j 

8,0 

■ * [ 

62,93 ! 

52,26 

; 41,06 1 

46,25 

,i 

52,80 

| 41,60 j 


8,1 


63,72 

52,92 

41,58 

46,90 

53,46 

42,12 1 

8,2 


64,51 

53,57 

42,09 

47,55 

54,12 

42,64 | 

8,3 


65,29 

54,22 

42,60 

48,20 , 

54,78 

43,16 i 

8,4 

■ ■ 

; 66,08 

54,88 

43,12 

48,86 ii 

55,44 

43,68 1 

8,5 

I 

66,87 

55,53 

43,63 

49,53 'j 

56,10 

44,20 | 

8,« 


67,65 

56,18 

44,14 

50,19 

56,76 

4472 


8,i 


■ 68,44 

56,84 

44,66 

50,85 

57,42 

45,24 

8,8 


69,23 

57,49 

45,17 

51,51 

58,08 

45,76 

8,0 

I 

■ 70,01 

58,14 

45,68 

52,18 ; 

58,74 

46.28 

0,0 

i 

j 70,80 

58,80 

46,20 

52,86 1 

59,40 

46,80 

j 

0,1 


! 71,59 

59,45 

46,71 

53,54 i 

60,06 

47.32 

1— 

! 

0,2 

i 

1 72,37 

60,10 

47,22 

54,21 

60,72 

47,84 ! 

0,8 

| 

: 73,16 

b0,76 

47,74 

54,89 

61,38 

48,36 

0,4 


,* 73,95 

61,41 

48,25 

55,57 , 

62,04 

48,88 | 

0 ,.» 

* 

1 74,73 

62,06 

48,76 

56,25 

62,70 

49,40 I 

0,« 

i : 1 

’ 75,52 . 

62,72 

49,28 

56,93 ( 

63,36 

49,92 


0,7 


1 76,31 ■ 

63,37 | 

49,79 

57,61 

64,02 

50,44 


0,8 


77,09 

64,02 ; 

50,30 1 

58,30 

64,68 

50,96 


0,0 

i 

| 77,8$ 

64,68 i 

50,82 

59,00 |! 

65,34 

51,48 


10,0 

. *.v 

78,67 

65,33 j 

51,33 

59,69 jj 

66,00 

52,00 


10,1 

v ' 

79,45 

i ’ 

65,98 ! 

51,84 

60,38 , :i 

66,66 * 

52,52 

mmm 

10,2 

/' >\ : 

! 80,24 

66,64 

52,36 1 

61,08 '! 

67,32 

53,04 


10,3 


i 81,03 

67,29 

52,87 

61,78 ! 

67,98 

53,56 


10,4 , 


! 81,81 

67,94 

53,38 

62,48 ■' 

68,64 

54,08 


10,5 

‘ 1 ■■ 1 '> 1 

! 82,60 , 

68,60 

53,90 1 

63,19 5 

69,30 

54,60 


10, (i 

' A, 

83,39 ; 

69,25 

54,41 

63,90 ' 

69,% 

55,12 


10,7 


. 84,17 

69,90 ; 

54,92 

64,61 , 

70,62 ! 

55,64 

, 

10,8 

i <; /<'• 

: 84,% 1 

70,56 

55,44 ' 

65,32 !: 

71,28 : 

56,16 

i 

40,0 

■ -< ■ \ ' 

85,75 

71,21 | 

55,95 1 

66,03 ij 

71,94 1 

56,68 

l 

11,0 

1 

86,53 ! 

71,86 ! 

56,46 

66,75 :i 

72,60 | 

57,20 

1 
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CmHmO 1 


CisHioO 


E. v. ! 



Alcohol 



Alcohol 

(A.V.; 

CC. 

Alcohol 

in the 

Acetate 

Alcohol 1 

in the 

S.V.) 

•" KOH 


orig. oil 


• 

orig. oil 

2 

; 52,06 

57,81 

62,48 

52,54 

58,34 

f . I 

7,1 

, 52,80 

58,71 

63,36 

53,28 

59,25 


7,2 

: 53,53 

59,62 

64,24 

54,02 , 

60,17 


7,8 

54,26 

60,53 

65,12 

54,76 

61,09 

; 

7,4 

55,00 

61,45 

66,00 

55,50 j 

62,01 

■ , wf i at x 


, 55,73 

62,36 

66,88 

56,24 

62,93 


7,6 

, 56,46 

63,28 

67,76 

56,98 

63,86 

; 1 

7,7 

! 57,20 

64,21 

68,64 

57,72 

64,80 

' 1 ' 

7,H 

i 57,93 

65,14 

69,52 

58,46 

65,74 


7,9 

■ 58,66 

66,07 

! 70,40 

, 59,20 , 

66,67 ! 

1 1 

8,0 

59,40 

67,00 

71,28 

! 59,94 

67,61 

: ’ | 

8,1 

: 60,13 

, 67,93 ! 

72,16 

! 60,68 

68,55 


8,2 

: 60,86 

68,87 ! 

73,04 

61,42 

69,50 


8,8 

61,60 

69,81 

73,92 

62,16 

70,45 

! / v '' j 

8,4 

62,33 

70,75 j 

74,80 

1 62,90 j 

71,40 


K,r» 

63,06 

71,69 

L 75,68 

63,64 

72,35 


8,6 

i 63,80 

I 72,64 

! 76,56 

, 64,38 

73,31 


! 8,7 

; 64,53 

! 73,60 

1* 77,44 

65,12 

74,27 


8,8 

! 65,26 

' 74,56 J 

j! 78,32 

65,86 i 

75,23 

: , 

8,0 

! 66,00 

; 75,52 

! 79,20 

| 66,60 i 

76,20 

i ‘ 

0,0 


1 66,73 ' 

76,48 i 

80,08 

67,34 

77,17 


9,1 

67,46 

77,44 

80,96 

68,08 

78,14 


9,2 

68,20 

78,41 ; 

81,84 

68,82 

79,12 

' 

#,» 

i 68,93 

79,38 

82,72 

69,56 

80,10 


9,4 

j i 69,66 

80,35 

83,60 

70,30 

81,08 

' * 

9 , r > 

■ 70,40 

81,33 

84,48 

71,04 

82,06 

■ r 

«,« 

! 71,13 

82,31 

85,36 

71,78 

83,05 


9,7 

l 

71,86 

83,30 

86,24 

72,52 

84,05 


9,8 

, 

72,60 

84,28 

87,12 

73,26 

85,04 

; -,i 

9,9 

! 

73,33 

85,27 

88,00 

74,00 

86,04 

‘ * '< 

10,0 

1 

74,06 

86,26 

; 88,88 

74,74 ! 

87,04 


| 1 <M 

l 

74,80 

87,26 

1 89,76 

, 75,48 

88,05 

! '* ’ 

10,2 

> 

75,53 

88,26 

90,64 

i 76,22 

89,06 

i “ 

10,9 

I 

76,26 

89,26 

! 91,52 

76,96 ! 

90,07 

: 1 : 

10,4 

) 

77,00 

90,27 

92,40 

77,70 1 

91,09 


10, 9 

r 

77,73 

91,28 

93,28 

“~7M4'~ 

92,1 f 

V>! 

i io,« 

1 - 

78,46 

92,29 

94,16 

79,18 

93,13 


j 10,7 

> , 

79,20 

93,31 

95,04 

79,92 

94,16 

.Mi it ui 

10,8 

) 

79,93 

94,33 

95,92 

80,66 

95,19 


10,9 

j 

80,66 

95,35 

96,80 

81,40 

96,22 

J.n i i 

ii»o 
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Table II 


cc. 

i E. V. 


Ci«H 

hO 


■i 

CioHtoO 


!J KOH 

! (A.V.; 
i S.V.) 

Tigl.itc 

Acetate 

Alcohol 

Alcohol 
in the 
orig. oil 

Acetate 

1 Alcohol 

i Alcohol 

1 »> the 

I wig.oi 

11,1 n, V 

87,32 

72,52 

56,98 

67,46 

i 73,26 

! 57,72 

68,3+ 

11,2 

88,11 

73,17 

57,49 

68,18 

73,92 

i 58,24 

i 69,07 

U,S 

88,89 

73,82 

58,00 

68,90 

74,58 

! 58,76 

: 69.80 

11,1 

89,08 

74,48 

58,52 

69,63 

; 75,24 

! 59,28 

70,54 

u,ft 

, • 1 90,47 

75,13 

59,03 

, 70,36 

75,90 

59,80 

7158 

11, « 

91,25 

75,78 

59,54 

71,09 

76,56 

60,32 

72# 

11,7 

92,04 

70,44 

00,00 

71,82 

, 77,22 

60,84 

, 72,76 

11,N 

. 92,83 

77,09 

60,57 

72,56 

77,88 

61,36 

73,51 

11, a 

93,01 

77,74 

01,08 

73,30 

78,54 

, 61,88 

74,25 

12,0 

, ' 94,40 

78,40 

61,00 

74,04 

79,20 

62,40 

75,00 

12,1 

, 95,19 

79,05 

02,11 

74,79 

79,86 

, 62,92 

75,75 

122 

95,97 

79,70 

02,02 

75,53 

80,52 

: 63,44 

76,51 

12,3 

90,70 

80,30 

03,14 

76,27 

81,18 

i 63,96 

: 77,2b 

12,4 

97,55 

81,01 

63,05 

77,02 

: 81,84 

64,48 

! 78,02 

12,7* 

. 98,33 

81,00 

04,10 

77,77 

82,50 

, 65,00 

78,79 

12,0 

'■ 99,12 

82,32 

04,08 

78,53 

83,16 

65,52 

79,55 

12,7 

, 99,91 

82,97 

05,19 

79,29 

83,82 

66,04 

80,32 

12, s 

■ 1 

83,02 

05,70 

80,05 

84,48 

66,56 

81,09 

12,0 


84,28 

00,22 

80,81 

85,14 

67,08 

, 81,86 

13,0 


84,93 

00,73 

81,57 

85,80 

67,60 

82.64 

13,1 


85,58 

07,24 

82,34 

■ 86,46 

68,12 

83,42 

13,2 

i 

80,24 

07,70 

83,12 

: 87,12 

68,64 

84,20 

13,3 


80,89 

08,27 

83,89 

: 87,78 

69,16 

84,98 

13,4 

' . 

87,54 

08,78 

84,67 

88,44 

69,68 

, 85,77 

13,.» 

- 

88,20 

09,30 

85,45 

89,10 

70,20 

86,56 

13,8 


" 88,85 

09,81 

86,23 

89,76 

i "’70,72" 

87,35 

13,7 


89,50 

70,32 

87,01 

90,42 

, 71,24 

! 88,14 

13, s 


90,10 

70,84 

87,80 

, 91,08 

71,76 

88,94 

13,0 

> 1 1 , * 

90,81 

71,35 

88,60 

91,74 

1 72,28 

1 89,74 

14,0 


91,40 

71,80 

89,39 

92,40 

72,80 

! 90,54 

14,1 

. . , 

92,12 

72,38 

90,18 

93,06 

73,32 

91,35 

14,2 


92,77 

72,89 

90,98 , 

93,72 

73,84 

92,16 

14,3 

■ \ -I . 1 

93,42 

73,40 

91,78 i 

94,38 

74,36 

92,97 i 

14,4. 



73,92 

92,58 

95,04 

74,88 , 

, 93,78 j 

14, ft 


94,73 

74,43 

93,39 

95,70 

; 75,40 i 

94,60l 

14,0 

. 

95,38 

74,94 

94,20 

_ 96,36 

“75,92“ 

95,42 

14,7 

; i * 1 

90,04 

75,46 

95,01 

97,02 

76,44 

96,25 

14,8 

v ’ 

96,09 | 

75,97 

95,83 

97,68 

76,96 

97,08 

14,0 


97,34 

76,48 

96,65 

98,34 

77,48 

97,90 

15,0 | 

s - . 

98,00 

77,00 

> 97,47 

99,00 

78,00 

98,73 
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CiiH„0 


c«H„o 


Alcohol 


1 ; 

Alcohol 

Alcohol in the 

| Acetate 

Alcohol 

in the 

orig. oil 



orig. oil 

! 

j ~ 

i : 

| ' ' " 
i 

i 

- 

- 


E. V. 
(A.V.; 
S.V.) 


cc. 

gKOH 

15,1 
1 5, a 
i;»,s 


ClLOEMEISTER, THE VOLATILE OILS. 



INDEX, 


A 

Abir hkhir 64 
Abn Dschafar Achmed 25 
Absorption 258 
Abulcasis 25, 204, 205 
Abul Fazl 68 

Acacia Intsia 505 j 

pluricapitata 505 

- sarmentosa 505 

■- tenerrima 505 
Accras anthropophora 521 
Acetaldehyde 405 j 

- Formation from citral by boiling with j 

potassium carbonate solution 410 j 

Aceteugenol 482 j 

Acethomovanillic acid 485 
Acetic acid 498 
Acetic ether 507 

Acet/soeugenol as adulterant for vanillin 
429 | 

Acetone 435 j 

by oxydation of citral 412 
citronellal 419 
citronellol 367 

— - geraniol 360 1 

linalool 355 

metbylheptenone 437 
Acetopropyl alcohol 436 
Acetvanillic acid 483 
Acetvanillin 483 
Acetylacetone 436 

- condensation with citral 414 
Acetylation 575 

4-Acetyl-l, 2-xylene from fenchone 460 
Ach/ys triphyiia 521 


Acid ChHhO, from caryophyllene 333 

— value 571 

Acidc myroniquc 134 
Acids 497 

— removed from volatile oils 275 
Adulterants, detection 611 
Adulteration of vanillin 429 
Adenocrepis javanica 505 
Adiantum pedattim 521 

— ptruvianum 521 
trapeziforme 521 

A:gineta, Paulus 107 
/tsculo, Saladinus of 33, 93, 115, 120, 
121, 139, 143, 146, 183, 185. 197 
Aetius of Amida 22, 107, 124 
Ageratum cunyzoides 521 
rnexicanum 521 

Agrumen fruit oils, history 147 
Agyneia multiflora 505 
Ahalia 157, foot note 
Aha/uth 157; foot note 
Ain-i-Akban 64 
Ainslie 160 • 

Ajowanoil, history of 172 
Akbar 64 

Alant camphor 523 
Alantolactone 523 
Alaric 114 
Albertus Magnus .'JO 
Alcohol detection of 349, 612 
from patchouli oil 369 
— water fennel oil 369 

— C (( H w O from geraniol 359 

— C,(,H*oO from geraniol 359 

— CioHjoO from menthoxime 366 

• 41* 
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Alcohol Cir,H*sCH,OH from clovene 
341 

C| 0 H m O from the oil of Erythroxylon 
monogynum 404 

acid CioHigOa from diosphenol 494 
Alcohols 347 
• alicyclic 374 
aliphatic 347 
aromatic 369 

- cyclic 369 

■ detection of 347 
-- hydroaromatic 374 
Aldehyde CioHLO from gingergras oil 
432 

- from lemongras oil 432 
Aldehydes 404 

- alicyclic 432 

— aliphatic 404 
aromatic 420 
assay 581 

- cyclic 420 

— hydroaromatic 432 

— isolation from volatile oils 275 

— occurrence in aqueous distillates 405 
Alderotti, Taddeo 35 

Alembic, history of 203 
Alembics voyageants 224 
Alembicus 204 
Alexander the Great 147 
Alhervi 179 
Alicyclic alcohols 374 

— aldehydes 432 

— ketones 439 
Aliphatic alcohols 347 

— aldehydes 404 , 

ketones 433 * 

— sesquiterpene alcohols 399 

— terpenes 280 
Alkindi 108 

Allamanda Hendersoni 505 
Allhria officinalis 546 
Alloocimene 280 
p-Allylanisol 475 
Allylcyanide 535 

4-Allyl-3,6-dimethoxy-1,2-methylenedi- 
hydroxybenzene 490 
Allylguaiacol 480 


| 4-Allyl * 6 - methoxy-1 ,2- methylenedihy* 
j droxybenzene 489 
; Allylmustard oil 546 
p-AUylphenol 475 
, Allylpyrocatechin 480 
m-Allylpyrocatechinmethylene ether 486 
, Allyltetramethoxybenzene 492 
; Allylthiourea 548 

! 4- Allyl- 1,2,6-trimethoxybenzene 488 
| Allylveratrol 483 
Alocasia Veitchii 532 
Al-oed 157, foot note 
Alsodeia cymulosa 505 
Alstonia angustifolia 505 
— fioedti 505 
| — macrophylla 505 
1 — villosa 505 

j Aluminiumchloride for the separation of 
fenchone from camphor 464 
A/yxia stellata 521 
Amando van Doomyk 127 
j AmantiUa 194 
| Amblard 230 
I Amelanchier alnifulia 532 
; — canadensis 532 
: — vulgaris 532 
i Amenomiya 337, 338 
I Amido compounds 540 
; />Amidothymol from carvoxime 442 
I Ammonia, development of, during the 
distillation of volatile oils 531 
, Ammoniac, history of oil of gum 178 
Amomis 111 
Amomum 111 
1 Amygdalin 421, 534 
| Amylene bromide 436 
‘ Amylnitrite for the preparation of nitroso 
chlorides 296 
' Amylsalicylate 509 
1 Amyrol 401 

Anastatica hierochuntica 137, foot note 
Androl 

Andropogon oil, history of 16, 101 
Andropogon Schcenanthus 38 

; as adulterant for oil of rose, 

history 142 
. Anethol 426, 476 
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Anethol action of Jight and air 478 
oxidation to anisic aldehyde 426 
Anetholdibromide 477 
Anetholglycol 477 
Angelic acid 500 
Angelica root oil, history 176 
Angelus Sala 130, 140 
Angraectim fragrans 521 
Aniline as reagent for furfurol 431 
Anisic aldehyde 426 
acid 426, 501 

— assay 584 

from anethol 426 

- ketone 438 

— occurrence 426 

— preparation 426 
Anis oil, history 172 

Anisum Philippinarum insit /arum 121 
Annotationes 51 
Anschutz 276 

Anthoccphalus Cadamba 506 
Anthoxanthum odoratum 521 
Anthranilic acid methylester 542 
artificial preparation 543 

— picrate 543 
Antidesma diandrum 505 
Antidotarium 24, 150 

Antifebrine as adulterant for vanillin 429 j 
Apiol 490 
Apiollc acid 491 

— aldehyde 491 
Aplotaxis candicans 532 
Apothecary's Hall 227 
Aqua ardens 32 

**• Naphae 152 

- sabinsc 100 

- vita: 30 

Aquiiegia chrysantha 532 

— vulgaris 532 

Arabians, art of distillation 21 
Araq 64 

Archambault de Grailly 97 
Ardisia fuliginosa 505 

— humilis 505 

— iurida 505 

~ macrophylla 505 

— purpurea 505 


Ardisia reclinata 505 
sanguinolenta 505 

- speciosa 505 
Arezula 74, 183, 187, 188 
Argentum vivum vegetable 31 
Arnold de Bachuone 30 
Amoldus Villanovus 30, 33 
Aromatic alcohols 369 

- Aldehydes 420 
hydrocarbons 281 

- ketones 438 
Arrian 155 
Arth 453 

Artificial camphor 295 
musk 537 
spoonwort oil 549 

- wintergreen oil 504 
Arum macu latum 532 
Asafetida oil, history 176 
Asarone 487 

Aschan 90, 289, 396 
Askinson 89 
Asperula odorata 521 
Athanor 216 
Athenaeos 155 
Atbyrium 532 
Atractylene 337, 402 
~ blue color 404 
from atractylol 402 
Atractylol 337, 402 
Atr-i-fehangiri 64 
Atterberg 316 
Aubdpine 426 
Austracamphene 82 
Australenc 82 
Auwers 31 9, *457 
Avenzoar 24, 138 
Avicenna 108, 120 
Axonge henzuinde 260 

- populinte 262 
tofuinte 262 

Aytir- Vedas 16, 37, 103, 107, 109, 11*1,201 

B 

Baccaurea 505 
Bachmyntza 191 
de Bachuone 30 
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Baer 156 

v. Baeyer 87, 283, 288, 296, 311, .381, 
444, 446, 548 
Bailey 523 
Baitar 177 
Baker 369 

Balm oil, history 188 
Balneum arena * 206 
Maria 206 

Balsamea meuanensis 61, foot note i 
Ba/satnodendron Opohalsatniini 61 , 
foot note 

Barbier 83, 169, 279, 280, 294, 359, 363, 
365, 397, 418, 419, 444 
Barbosa 104. 110, 112, 120, 149 
Barenthin 569 
Barringtonia ruhia 505 

— spicata 505 
Bartclt 290, 

de Barthema 162 
Bassia 532 
Bntteuses 251 
Bauhinia pyrrhaneiua 505 
Baum 487 
Baur 538 

Bayberry oil, history 131 
Bear as symbol for a still 204 
Becher 66 

Beckmann 394, 444, 451 
Beckmannscher Apparat 563 
Beef fat for pomades 260 
Beg-ar-mu-di 151 
Begninus 100, 188 
Behai 517 

Bchen oil for extraction 262 
Beilstein 176 

Beilstein’s copper test 609 
Beindorff 227 
Benatius 152 
Benedikt 581, 598, 599 
Bennett 588 
Benzal chloride 421 
Benzaldehyde 420 

artificial, preparation 421 

- assay 584 

- determination of small amounts 
587 


Benzaldehyde from benzyl alcohol 370 

- cinnamic alcohol 373 

- - aldehyde 424 

- identification 421 

- occurrence 420 
Benzene as solvent 249 

monosulphonic acid 294 
Benzin, low fractions as solvent 247 
Benzoic acid 501 

as adulterant of vanillin 429 
benzyl ester 513 
ethyl ester 507 
methyl ester 503 
tor increasing the ester content 
615 

from benzyl alcohol 370 
carlina oxyde 530 
cinnamic alcohol 373 
- aldehyde 424 
phenyl acetaldehyde 423 
Benzoylchloride, action on geraniol 365 
Benzyl alcohol 369 
preparation 370 
properties 370 

- benzoate 513 

- chloride 421 
cinnamate 514 
cyanide 535 

- mustard oil 535, 550 
Benzylidene compounds of camphor 457 
Berchile 201 

Bergamiol 510 
Bergamot camphor 151 
I oil, history 151 
, Bemheimer 472 
Bertagnini 128, 144 
Berthelot 80, 82, 135 
Bertram 118, 307, 355, 361, 364, 398, 
408, 511, 516 
I Berzelius 77 
Besanez 435 
| Besson 45, 150 
| Betel oil, history 118 
; Betelphenol 480 
; Betulol 401 
Beyer 443 
, Bigelow 181 
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Bignonia ChamberJaynii 505 

- exoleta 505 
Billeter 135 
Bindheim 76 
Biot 82 

Birch, history of oil of sweet 118 
Bisabolene 328 
Bishydro, see Dihydro 
Bisnitrosomenthone 453 
Bisnitrosopulegone 447 
Bisulphite ‘method 582 
Bitter almond oil, history 142 
Bialobrzeski 493 
BlackwcIIia 532 
Blanc 347, 371, 372 
Blanchet 78, 80, 171, 173, 175 
ft/asengeruch 556 
Bley 171 

Blue color of essential oils 404 
Bock 197 
Bockmann 165 
Bolsing 592, 593 

Boerhave 67, 128, 133, 165, 194, 223 
Bottger 65 
Bohm 144 

Boiling point, see boiling temperature 

- temperature of volatile oils 

and composition of volatile oils 274 
Bolle 170 

Bonastre 124, 137, 152, 157, 165 
Bond 76 
Bonifacius 114 

Book of the science of life 16 
Boorsma 157, foot note 
Bornemann 89 
Borneol 392 

— conversion into camphene 394 

— - camphor 394 
detection 395 

— in the presence of camphor 457 
• determination 395 

distinction from /soborneol 396 

- from camphor 456 

— occurrence 392 

— preparation 393 

— properties 394 

— separation from camphor 395 


Bornyl acetate 517 
detection 519 

— amine from camphoroxime 456 

— conversion into camphene 305 

- formate 517 
/sovalerate 519 
phenylurethane 305, 395 

Borrichius 75 
Bosisto 167 

Bouchardat 84, 303, 306, 342, 375, 376 
Bouillon Lagrange 106 
Boulez 578, 

Boullay 152 

Boutron-Charlard 79, 134, 144 
Bouveault 347, 358, .364, 365, 366, 368, 
371, 372, 415, 418, 419 
Boyle 173 
Braconnot 154, 179 
Brandes 147, 154 
Bravo 98 

Bread dough, fermenting, as source of 
heat 209 
Bredt 523 
Bremontier 97 
Briddia ovata 532 
tomvntosa 505 
Brua minor 532 

Bromalderivative of /.soborneol .305 

Bromelia 495 

«-Bromstyrene 423 

Bruhl 389 

Bruning 165 

Brunfels 57 

Brunschwlg, Hieronymus 39, 173, 174, 
183, I&5, 194, 197, 199, 207 
Bruun 161 
Bruylants 519 
Buchholz 129, 179, 199 
Buchner 175, 176, 247 
Buchu leaf oil, history 147 

- camphor 493 
Bulnesia Sarmienti 402 
Burgess 584, 585 
Busse 430 

Bussy 134 

Butyl mustard oil, sec. 549 
n-Butyl alcohol 349 
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ff-Butyric acid 498 
Butyric aldehyde 405 

C 

Cade oil, history 99 
Cadinene 329 

— dibromhydrate 331 

— dichlorhydrate 331 
■ nitrosate 331 

— nitrosochloride 331 

— preparation 330 
Caesa/pinia Bonducel/a 505 
Cahours 80, 146, 173, 175, 181 
Cajeput oil, history 165 
Caladium 541 

Calamus oil, history 18, 103 
Calmeyer 179 
Ca/pandria Janceolata 505 
Calvi 165 
Camerarius 197 
Camphene 301, 

— conversion into /sobomeol 305 

— from borneol 394 
bomylamine 305 

— identification 304 

— modifications 302 

— occurrence 302 

— oxydation 304 
preparation 302 

— properties 302 
/-Camphene 82 

Camphene camphoric acid 304 

— isomeric 305 
Camphene chlorhydrate 304 
Camphene glycol 304 
Camphene hydrate 396 
Camphenilone 304 
Camphenylic acid 304 
Camphol-series 83 
Campholic acid from borneol 
Camphor 74, 77, 304, 454 

— as designation for solid deposits 

from volatile oils 399 

— from borneol 394 

— detection in the presence of borneol 

457 

— separation from borneol 456 


Index. i 

Camphor oil, history 124 
Camphoric acid 456 
Camphoronic acid 456 
Camphoroxime 457 
Camphorpinakone 456 
Camphoylic acid 304 
: Cananga oil, adulteration with cocoa 
nut oil 614 
Canarium 505 
I — Cumingii 283 
Canella oil, history 161 
I Cannabis indica 281 
Cannizaro 370 

Canthinm paiembanicum 505 
Caoutchouc, dry distillation 312 
! Caparrapene 337 
Capitainc 77, 80 
Capita /are 100, 182 

■ Caprinic acid 499 

| from decylic aldehyde 407 * 

; methylnonyl ketone 434 

Capronic acid 350, 499 
from ethyl-/7-aniyl ketone 434 

- aldehyde 406 

! Caprylic acid 499, 

! from methylheptyl ketone 434 

! Capse/la Bursa Pastoris 546 
Capura alata 505 
i Caral/ia symmetrica 505 
i Caraway oil, history 171 
[ Carbon disulphide 546 

| as solvent 247, 249 

Carboxylapocamphoric acid 304 
Cardamine amara 549 
Cardamom oil, history 111 
: Card-amomum 111 
Cardamomum minus 112 
i Carlinaoxyde 530 
Carpobalsam 51 

! Carpobafsamum 61, foot note 
; Carstanjen 479 
| Carthamus tinctorius 106 
Cartheuser 71, 99, 104, 111, 113, 122, 
129, 146, 183, 187, 188, 190 
Carvacrol 473 

■ — determination 594 

— from camphor 457 



Carvacrol from carvone 442 
diosphenol 494 

— — y-terpinene erythrito! 320 

a- and ^-Carvacromenthol from thymol 
by reduction 474 

Carvacrylamine from carvoxime 442 

— from thujonoxime 463 
Carvacrylphenylurethane 474 
Carvenone 320, 

Carvestrene 315 
Carvoline *41 

Carvone 439 

— conversion into carvacrol 442 

— derivatives from terpineol 379 

— determination 585, 589 

— reduction to dihydrocarveol 442 
Carvotanacetone 325 

— from thujone 463 

— rt-phellandrene 325 
Carvoxime 441 

— conversion into dihydrocarveol 442 

— from limonene nitrosochloride 310 
Caryophyllene 331 

— constants 332 

— identification 334 
Caryophyllene alcohol 333 

— hydrate 333 

— nitrosate 333 

— nitrosite 333 

— nitrosochloride 333 
Cascarilla oil, history 158 
Cassia oil, history 125 

Cassie, yield upon extraction 251 
Castanopsis javanica 504 
-- Tungurrut 504 
de Castro 149 
Cavendish, Thomas 121 
Cecropia Schiedeana 504 
Cedar camphor 401 

— oil, detection 611 
history 202 

lebanon-, history 101 

Cedrene 340 

— detection in volatile oils 612 
Cedrol 401 

Cedrylphenylurethane 401 
Celluloid ware 455 


Celsus 142 

Celtis reticulosa 541 

Centaurea montana 532 

— solstitialis 532 

1 Ceratopetalum apetalum 521 
Ceylon cinnamon oil, history 125 
| Chaffee 96 
Chailfctia cymoma 532 
| Chamaemeles coriacea 533 
j Chamomile oil, history 197 
Chapman 335 
; Chapoteaut 337 
Charabot 89 
Charaka 16 

Chardinia xeranthemoides 533 
i Charlemagne 100, 133, 168, 172, 17! 

' 182, 191 

Charon 550 
i Chfasis 258 
Chavicol 475 

Chemical methods of examination 568 
Cherry-laurel oil, history 145 
Chevalier 119 

Chilocarpus densiflorus 505 

— dcmidatus 505 
Chilperich 114 

Chinese, art of distillation 15 
Chionanthus elliptica 505 
- latifolia 505 
; - montana 505 
i — ramiflora 505 
Chiris 145, 249 

Chloral, combinations with menthol 389 
Chloride of calcium compound with 
phenylethyl alcohol 371 

— — ~ - geraniol 357 

H - Chlorcyc/ogeranioladiene carbonic 
acid 470 

, 3-Chlorcymene 453 

— - from menthol 388 
Chlorine, Beilstein’s test 609 

— combustion method 609 

— lime test 609 
Chloroform as solvent 247 

— detection 615 
ChoroSs II. 124 
Chrysophyilum imperiafe 521 
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Chuit 468, 470 
Chuwah 64 

Ciamician 176, 334, 479, 490 
Cicer arietinum 532 
Cineol 526 

— conversion into dipentene 528 

■ detection 529 

determination, hydrogen bromide 
method 600 
distillation method 600 
phosphoric add method 601 
resorcinol method 601 

■ from Merpineol 378 
1,4-Cineol 525 
Cineolene 529 
Cineolic acid 529 

Cineolic acid anhydride, conversion into 
methylheptenone 529 
Cinna arundinacea 521 
Cinnamic acid 501 

— - benzyl ester 514 

cinnamyl ester 515 
ethyl ester 508 

- from cinnamyl alcohol 373 
methyl ester 503 

aldehyde 425 

determination 582, 585, 586 
from cinnamyl alcohol 373 
preparation 424 
occurrence 424 

- semioxamazone 586 
Cinnamyl alcohol 373 

cinnamate 515 
diphenylurethane 374 

— phenylurethane 374 
Cinocephalus ova t us 504 / 

— stiaveofcns 504 
Circulation 33, 209 
Circulatoria, history 209 
C/re parfurntc 249 
Cirsium arvense 532 
Citral 408 

behavior toward sodium bisulphite 
410 

condensation with acetone 412 

— — acetyl acetone 414 

— constitution 41 1 


Citral detection 412 
! — determination 582, 585 
in lemon oil 587 

- from geraniol 358, 409 
- linalool 355, 409 

nerol 409 

- isolation 408 

- occurrence 408 

- oxidation 411, 
preparation 409 
properties 409 
reduction 410 

separation from citronellal and methyl 
heptenone 414 

- synthesis 409 

Citral-a und -b, distinction between 413 
separation 414 

Citraldihydrosulphonic acid derivative 
410 

Citralmonohydrosulphonic acid deriva- 
tive 411 

Citraloxyde 526 

Citral-a-scmicarbazone, preparation 413 
! Citronellal 414 

- behavior toward sodium bisulphite 

417 

determination 417 
' - from citronellol 367 
isolation 415 
! occurrence 415 

- oxyde 526 
semicarbazone 419 
separation from citral 417 

Citronella oil, adulteration with cocoa* 
nut oil 614 

Citronellic acid 419, 500 

from citronellal by oxydation 419 
Citronellidene acetone 420 
1 ■ cyanacetic acid 420 
Citronellol 363 

- action of benzoyl chloride 365 
, — characterization 368 

constants 366 

- conversion into /sopulegol 368 

- determination 368, 580 
ester, preparation 368 

- from citronellal 416 
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Citronellol isomeric relations 368 

- occurrenc 363 

- - oxydation 367 

preparation 365 

- separation from geraniol 365, 368 
Citronellyl acetat 512 

pyrouvic acid ester 368 
fl-Citronellyl-^-cinchoninic acid 420 
Citronellyl formate 511 
Citronellyl -p - naphthocinchoninic acid 
368r 419 

Citrus medica 532 

Citrylidene cyanacetic acid, preparation 
413 

Citryl-/^- naphthocinchoninic acid 356, 
412 

Claisen 513 
Clemens VII. 140 

Climate and composition of volatile 
oils 272 

Clove oil, history 161 
stem oil, history 163 
Cloven 333, 341 
Clover 315 
Clusius 121, 161 

C/uytia oblongifolia 505 « 

Cochlearia Armoracia 546 
Cocoa nul oil, detection in volatile oils 
614 

Caelum phi/usophorum 31, 32 
Coffea densifiora 506 
lepidiphloia 506 
liberica 506 
stenophyl/a 506 
Cohn 90 

Co/ocasia gigantea 532 
Color reactions 570 
Columella 133, 146, 172, 189 
Combretum constrictum 532 
Combustion method for the detection 
of chlorine 609 
Commodorus 179 
Compendium aronmtariorum 139 
Compound C.oH^O, from safrol 486 
CioH.hO, from caryophyllene 333 
Comstock 96 
Concrete oils 251 


Congealing point 563 
of rose oil 565 

Coniferin for the production of vanillin 
429 

Constantin VII. 138 
Constantinus Africanus 120, 194 
Conti 110 

Copaifera Sa/ikounda 521 
Cordia asjierrima 425, 505 
Cordus, Valerius 44, 50, 74, 93, 94, 112, 
113, 115, 117, 123, 128, 154, 156, 
164, 173, 179, 185, 190, 218 
Coriander oil, history 168 
Corps £puis6 262, 266 
Cortex China? de China nova 158 
nov.e sen Scbacori/lae 158 
Corynocarpin 534 
Corynocarpus laevigata 533 
Costacus 205 

Costus root oil, history 199 

Cotoneaster at finis 533 r ^ Of- 

haciliaris 533 /$' 

- huxi folia 533 /t 

Francheti 533 1 : 

- frigida 533 
horizontalis 533 

- integerrima 533 
microphy/ia 533 
multiflora 533 
panosa 533 
thynuefolia 533 

o-Coumaric acid from coumarin 427 
o- aldehyde methyl ether 427 
p- 427 

Coumarin 520 

- as adulterant for vanillin 429 
Crataegus orientals 533 

- oxyacantha 426, 533 
Crcpis foetid a 425 
Cripps 569 

Crotonic acid nitrile 535 
Crotonyl mustard oil 550 
Cryptolepis laxiflora 505 
Cubeb camphor 402 

- oil, history 116 
Cucurbits 201, 

- history 203, 204 
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Cuminic aldehyde 422 
Cumin oil, history 169 
Cumlnylamine 326 
Cupania 532 
Cupil furnaces 217 
Cupressus sempcrvirens, oil 283 
Cyanallyl 547 

Cyanhydride, see hydrocyanic acid 
Cydene 304 
Cyclic alcohols 369 

— aldehydes 420 

— hydrocarbons 281 

— ketones 438 

— sesquiterpene alcohols 400 
A'-CydotitraX for the preparation of 

irone 420 

d<«C>c/ogeranic acid 470 
Cyc/ogeraniol from geraniol 359 
Cydostemon macrophy/ltis 505 
Cymbopogon oils, history 101 
Cymene, formation from citral 410 

citronellal 416 

limonene 309 
terpinenol-4 383 
m-Cymene 282 
- from fenchone 460 
p-Cymene 282 

— from camphor 456 
- terpinenol-1 382 

“ sulphonamide 284 
-- sulphonic acid 284 
Cynocephalus ovatus 505 
Cypress camphor 401 
oil, history 98 
Cyrtosperma /amides 532 
* lierkusii 532 

D 

Dacryodes hexandra 316 
Daiso-Rui-Shu-Hn 193 
Dale 161 
Daufresne 427 
Davies 569 
Decyi aldehyde 407 
Dlfleurage 261 
DMeunr 258 
Dehne 107, 129, 130, 170 


Deiman 76 
De Laet 130 
Della dedma 108 
Demachy 186, 187 
Demarson 145 
Denis 587 

Deroy Fils Aine 253 
Desti/latio panis 209 

- per desccnsum 216 

- ventrum cquinum 209 

- sulis 209 

Detection of cedarwood oil 611 
chloroform 615 

- cocoanut oil 614 
ethyl alcohol 612 
fatty oil 613 

- gurjunbalsam oil 611 
mineral oils 614 
petroleum 614 

some of the more common adul- 
terants 611 
turpentine oil 611 
Determination of alcohols 575 

- aldehydes and ketones 581 
anisic aldehyde 584 

- anthranilic acid methyl ester 544 
benzaldehyde 584, 587 
carvacrol 594 

carvone 585, 589 
cineol 600 

cinnamic aldehyde 582, 585 

- - according to Hanus 586 

- - citral 585 

• in oil of lemon 587 
citronellal 589 
cltronellol 580 
esters 570 
eugenol 591, 596 
hydrocyanic acid 603 
— according to Vielhaber 604 
ionone 468 

- menthone 590 

methyl anthranilic acid methyl 
ester 545 

- - methyl number 598 

mustard oil 605 

- phenyl acetaldehyde 584 



Determination of pulegone 585, 589 
thymol 594 

— - vanillin 588 
viscosity 568 

Development of plant and composition 
of volatile oils 271 
Distillate, aldehydes in aqueous 405 
Distillation, downward, history 216 

— fractional 565 

— interrupted 565 

— kind of and the composition of 

volatile oils 271 

— method for the determination of 

cineol 600 

— methods of, history 201 

— nature of distillation during antiquity 

37 

— treatise on 39 

Distilling apparatus, history 201 
Deuflen 332, 333, 612 
Dhurrin 534 
Diacetyl 348, 435 
p-Diazophenetol sulphate 478 
Dibromoinenthone 453, 471 
Dibromomyristicindibromide 489 
a-Dicarvelonc 442 
Dieterich, E. 608 
Dieterich, K. 607, 608 
Dieterich’s method for the assay of 
mustard oil 607, 608 
Diethylsuccinate for increasing the ester 
content 615 

Dihydrocarveol 385, 442 

— identification 386 
Dihydrocarvone 442, 449 

— from dihydrocarveol 386, 449 
Dihydrocarvylamine 325 

— from carvon 442 
Dihydrocuminic alcohol 326, 374 

— constants 374 
Dihydrocuminic aldehyde 326 

— from dihydrocuminic alcohol 374 
Dihydrofencholenic acid amide 460 
Dihydromyrcene 280 
Dihydromyrcene tetrabromide 280 
Dihydroocimene 280 
Dihydro-m-xylene 437 


| van Dijk 226 
j Dillapiol 491 
I Dill/soapiol 492 
! Dill oil, history 180 
| Dimethoxybenzoic acid from methyl 
I eugenol 484 

| Di-p*methoxystilbene 478 
| Dimethylacetonyiacetone 320 
I iHw-)Dimethyllevulinic acid from thu- 
| jaketonic acid 463 

I Dimethylmalonic acid 459 
j 2,6-Dimethyloctane from geraniol 359 
i - from linalool 356 ■ 

2,6-Dimethyloctanol-8 from geraniol 359 
i - from linalool 356 
Dimcthyl-2,6-octene-2-ol-8 368 
Dimethylsuccinic acid 333 
, Dimethylsulphide 346 
| Dimethyltricarballylic acid 460 
' Dimorphoteca pluvialis 532 
Dingier 226, 229 

1 Dinitroaceto-tert.-butyltoluene 539 
Dinitroaceto-tcrt.-butylxylene 539 
Dinitrobutyryl-tert.-butylxylene 539 
Dinitro-tert.-butyliodoxylene 538 
Dinitro-tert.-butylxylyl aldehyde 539 
-- cyanide 539 

! Dinitrovaleryl-tert.-butylxylene 539 
Diodor 101 

j Diolalcohol CioHuA from diosphenol 
■ 494 

i Dioscorides 10, foot note, 37, 92, 98, 
100, 101, 111, 113, 122, 133, 135, 

138, 142, 146, 155, 169, 172, 177, 

179 v 184, 189, 193, 196, 199, 200, 

! 202, *203 

i Diosphenol 493 
Diosphenol phenylurethane 494 
Dmpyros acuminata 505 
aurea 505 
cauliftora 505 
- Gardneri 505 

« 1 «'-Dihydroxy^-methyU , >/sopropyladi' 
pinic acid 320, 321, 382, 383 
, Dipentene 309, 311 
! constants 313 
j - detection 314 
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Oipentene dichlorhydrate 313 

• from cineol 528 

- - geraniol 359 

- «-terpineol 378 

- nitrosochloride 314 
occurence 312 

• preparation 312 
Diptcryx odorata 521 

oppositifolia 521 
pteropus 521 
Dispensatoria 57 

Uispensatorium Horicuni 58, 60, 66, 
104, 109, 115, 116, 124, 128, 132, 

146, 150, 151, 154, 156, 159, 161, 

164, 168, 170, 172, 173, 176, 178, 

179, 185, 187, 188, 189, 190, 193, 

198, 199 
Diterebene 82 
Dodge 363 

Doebner 356, 412, 413 
Dolichus Utblab 532 
Dough, fermenting, as a source of heat 
209 

Downer 560 

Downward distillation, history of 215 
Dowzard 568 
Dronke 522 
Dschair 21 

Dumas 78, 79, 94, 100. 128, 134, 165, 173 

Dunbar 587 

Dupont 89 

Durvelle 90 

Duyk 570 

E 

Eau de Cologne 67, 189 
dcs Cannes 189 
Ebn Attafir 25, 138 
Echinocarpus Sigtw 533 
Edrisi 108, 112, 116, 148, 169, 177 
Egyptians, distillation practiced by 17 
Ehmann 599 
Ela III 

Elatocarpus resinusus 505 
Elaoptene 77 

Elateriospermum Tapos 532 
- Tokbrai 505 


Elecampane oil, history of 196 

Elemicin 488 

Elemi oil, history 156 

El ffazt 205 

Eize 391 

Empyreumatic odor 556 
Emulsin 534 

Enfleurage, application 246 
■ varying yield 246 
Enfleurage a chaud 264 , 

- a frvid 258 
Enfleurei 258 

Enklaar 280, 281, 356, 359 
Epirixanthes cylindrlca 505 
elongate 505 

Erdmann, E. 332, 361, 364, 431 
Erdmann, H. 357 
Erica arburea 426 
Eriobotrya japonica 533 
Lrlenmeyer 165 

Erythritene C| U H„, (OH), from ;'-terpinol 
320 

Lrythroxylon bolnianum 505 
Coca 505 
Essences 262 

concretes 248, 251, 262 
Ester content, additions to increase 615 

- detection 602, 615 
determination 570 

- value 571 
Estragol 475 

Ether as extractive 248, 249 
Ethyl acetate 507 
-• alcohol 348 

as adulterant 349, 612 

Ethyl-n-amyl ketone 434 
Ethyl benzoate 507 
cinnamate 508 

- nitrite, preparation of 296 

- salicylate 508 

tartrate for increasing the ester con- 
tent 615 
Ettling 165 

Eucaiyptol 527, see also cineol 
Eucalyptus oil 403 

- history 167 
Eugenol 481 
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Eugenol determination 591, 5% 

— — of free 591 

of total 591, 59b 
Eugenolmethylether 483 
Euonymus Philiatrus 44 
Eupatorium africanum 521 
Ayapana 521 
Evernia prunastri 246 
Examination of volatile oils, physical 
methods 556 

for chlorine 609 
Exocharda Alberti 533 
Extraction with volatile solvents 245, 247 

— with non volatile solvents 258 

— and heat 264 

Extraction apparatus (Gamier) illustra- 
tion 256 

Extraction industrial application of 
method 249 

Extraits aux fleurs 251, 262 
Eykman 118, 475, 486 

F 

Farina 67 

Farnesal from farnesol 399 
Famesol 399 

Fats, capacity to absorb floral perfumes 
258 

— mixtures for pomades 260 

Fatty oils, detection in volatile oils 613 

Eatiler Heinz 216 

Faure 134 

Favrot 247 

le Febvre 133 

Feldmann 388 

Fencheihoiz 130 

Fenchene preparation 306 

— occurrence 306 

— properties 307 
Fencholenic acid 459 
Fenchone 458 

— from fenchyl alcohol 398 
Fenchonoxime 459 
Fenchyl alcohol 397 

constants 398 

occurrence 397 

— — preparation 398 


Fennel oil, history 174 
Festuca Poa 532 
Ficus annulata 504 

— Benjamins 504 

— elastics 504 

— genial lata 504 
pilosa 504 

— pilosa var. chrysocannia 504 

— retusa var. nitida 504 

— xylophy/Ia 504 
Fiddichow 178 
Firbas 607 
Flacco 173 
Floral extracts 251 
Florentine flask, history 229 

Flores stoechados arabicae 184, footnote 
Floridus 175 

Flower perfumes, production 243 
Fluckiger 192, 

Foeniculum sinense 121 
Fontcnelle 134 
Formaldehyde 405 
Formic acid 497 

- action on citronellol 368, 580 
Formylation 580 
de Fourcroy 68 
Fractional distillation 565 
Frankfurter Liste 38 
Frankincense oil, history 154 
Franklin 160 
Fremy 134 
Friedlinder 495 
v. Friedrichs 341 
Friswell 536 
Fuchs 44, 57 
Furfurol 348, 431 
Furnus Acedia: 216 

G 

Gadamer 135, 337, 338, 5.35, 607 
Galangal oil, history 107 
Galbanum oil, history 177 
Galenus 19, 98, 122 
Galium triflorum 521 
Gandurin 338 

Garcia da Orta 102, 108, 112, 127, 136, 
176, 200 
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Garden nasturtium 505 
Gardenia Fitzalani 505 

— Schwmannii 
Gardner 304 

Garnier's extraction apparatus, illustra- 
tion 256 
Garuga 505 
Gattermann 4% 

Gaubius 74, 116, 128, 150, 192 
Gaulthcria fragrantissima 505 

— Jeucocarpa 505 
Gaultherin 506 
Gay-Lussac 144 
Geber *1, 204, 205 
Gebrochene Destination 80 
Gehlen 94 

Genvresse 341 

Geoffroy 71, 74, 75, 94, 107, 111, 150, 
183, 188, 194, 199 

Geranic acid as starting point for the 
preparation of citronellol 366 

— from citral 41 1 

Geranic acid nitrile, saponification to 
methylheptenone 436 
Geraniol 356 

“ action of benzoyl chloride 565 

— addition of sodium bisulphite 360 

— characterization 361 

— constants 355 

— conversion into terpineol 377 

— citronellol 362 

— from citral 410 

— inversion to linalool 359 

— isolation 357 

— occurrence 357 

— oxidation 358 

— reduction 359 

— separation from an oil 361 
citronellol 365 

— synthesis 358 

Geraniol calcium chloride compound 357 

— mono- and dioxyde 526 

— tetrabromide 360 
Geranium oil, history 145 
Geranyl acetate 51 1 

carbaminic acid ester 361 

— ester, preparation 360 


Geranyl formate 510 
Geranyl-a-naphthylurethane 361 
Geranylphenylurethane 361 
Geranylphthalic acid ester 361 
| Gerhardt 80, 81, 146, 523, footnote 
j v. Gerichten 490 
j Gerlich 135 
■ Gertinger 175 

j Gesner, Conrad 44, 50, 93, 98, 106, 121, 
123, 136, 146, 150, 154, 156, 159, 
! 160, 164, 173, 178, 179, 183, 185, 

I 196, 197, 218, 220 
j Gesner, J. A. Ill 
| Giengiario confetto 110 
j Giese 175 
i Giesecke 146 

: Gildemeister 118, 293, 328, 361, 364, 
j 474,511,591 

j Ginger oil, history 109 
| Ginsberg 490 
j Gironnicra subaequafis 504 
| Gladstone 83, 105 
j Glaser 134 
i Glauber 65, 222 
Gluconapin 550 

Glucoside yielding benzyl mustard oil 
i 550 

' - butyl mustard oil 549 

, - - crotonyl mustard oil 550 
1 — - eugenol 482 

hydroxy benzyl mustard oil 550 

mustard oil 547 

Glucosides yielding hydrogen cyanide 
534 

methyl salicylate 506 

Glucotropasolin 550 
G/yceria aquatica 532 
Glyceryl monoacetate for increasing the 
ester content 615 
Glycol from ^-phellandrene 326 

— from safrol 486 

— CioHjoOj from diosphenol 494 

— C w H vj 0 4 from caryophyllene 333 
, Gmelin 129 

' Gnetum Gnemon d ovalifolium 504 
1 Godlewski 309, 311 
Goebel 175 



Index. 


657 


Goose as symbol for a retort 204 
Goppert 507 
v. Gorup-Besanez 146 
Gotti ing 129, 175 
Gourmand 366 

Grabaddin medicamentorum composi- 
torum 24 
Graberg 194 
Grabowski 165 
GrSlert 47$ 

Granomastice 159 
Greeks, art of distillation 18 
Gregor 599 
Gren 68 

Griffithia acuminata 506 
' eucantha 506 
Grignard 294, 397 
Grignard's reaction 288 
Grimaux 130, 514 
Grimm 146, 435 
Grosser 169 

Grossularia nigrum 532 

— rubrum 532 
Grussner 598 
Guajene 338 

— blue color 404 

Guajol (Sesquiterpene alcohol) 402 

Guajylmethylether 403 

Guerbet 336, 395 

Guibourt 82 (footnote), 134 

Guignard 547 

Guiiandina 505 

Guillaumin 472 

Gurjun balsam oil, history 159 

— detection 611 
Gymnema latifo/ium 533 
Gymnogramme aurea 532 
Gynerium argenteum 532 
Gynocardia odorata 532 
Gynocardin 534 

H 

Haarmann 333 
Hagen 179 
hakka 192 
Hakuku 192 
Haller 394, 395, 457 

6lLDeMEI8tPR, THL VOLATILE OILS. 


Hallwachs 146 
Hancock 96 
Hincu 452 
Hanu$ 586, 587 
Harbordt 146 
Harib 139 
Harpestreng 117 
Harpullia imhricata 505 
Harries 90, 323, 365, 368, 416, 419, 448, 
450 

Harrison 137 
Hartwich 546 
Hasse 45, 168 
Haussner 339 
Heerabolene 341 
Helenin 523, 524 
Heliotropin 429, 486 

— tests for adulterants 430 
Hcliotropin cause of the odor 430 
Helle 307, 398 

Hellwig 167 

van Hetmont 65 

Henrich 444, 446 

Henriques 496 

Henry 106, 161 

Heptane 277 

Heptyl alcohol 350 

Herberger 188 

Herford 189 

Herissey 587 

Herniaria glabra 521 

Herodotus 100, 135, 155, 202 

Herzfeld 615 

Herzig 598 

hesperides JSurimbergensis 151 
Hesse 246, 247, 262, 364, 513, 540, 541, 
544, 592, 594 
Heusler 89 

Hevea brasilicnsis 433, 532 

— spruceana 433, 532 

Heveene 341 

Hexacentris coccinea 505 
Hexahydrocymene from menthol 388 
act. Hexyl alcohol 349 
n-Hexyl alcohol 349 
Hexylene alcohol 351 
Heyer 151, 175 


42 



658 


Index. 


Hierochloa alpina 521 

— australis 521 

— borealis 521 
Hieronymus Rubeus 140 

Hildegard 100, 109, 117, 170, 171, 175, 
185, 191, 194, 199 
Himmelmann 419, 565, 368 
Hindoos, art of distillation 15 
Hirschsohn 529 
Hirzel 89, 248 
Hlasiwetz 165 
Hoering 478, 487 

Hoffmann, Friedr. 68, 69, 74, 75, 100, 
104,130,154,164,189,194,199,223 
Hofmann, A. W. 135, 535, 550 
Holcus lanatus 532 
Homalium juvanicum 505 
tomentosum 425, 505, 532 
Homberg 65, 74, 75 
Homoanisic acid 476 
Homocamphoric acid 455 
Homopiperonylic acid 486 
Honorius 114 
Hops oil, history 119 
Horse manure as source of heat 209 
Horrex piperatariae 113 
Houton-Labillardiere 77, 94 
Hubl’s iodine addition method 569 
Huthig 332 
Hugues 97 
liuile xtherte 94 

— antique 262 

— Iran wise 262 

— parfumfe 262 
Humulene 335 

derivatives 336 ' 

Hungarian water 30, 66 
Munteria corymfma 505 
Huth 361, 364 

Hydnocarpus alpina 505, 532 

— anthelmintbica 532 

— inebrians 532 

— venenata 505 

— Wigbtiana 505 
Hydroaromatic alcohols 374 

— aldehydes 432 

— ketones 439 


Hydrocarbon C| 0 H,„ from citronello 
367 

Hydrocarbons, alicyclic 285 

— aliphatic 277 

— aromatic 281 
detection 276 

Hydrochloric acid added during distilla- 
tion 222 

Hydrocinnamic acid from phenylpropyl 
alcohol 373 
Hydrocyanic acid 531 

— detection 534 

— escaping during distillation 531 
gravimetric determination 603 
- according to Vielhabcr 604 

— occurrence in the vegetable king- 

dom 531 

Hydrogen bromide method for the deter- 
mination of cineol 600 
Hydrogen peroxide as oxidizing agent 
355 

Hydrogen sulphide escaping during 
distillation 531 

Hydroquinone for the preparation of 
hydroquinone ethyl ether 479 
Hydroquinone ethyl ether 478 
Hydrochlorcarvoxime 297 
Hydrocoumarine 523 

— from coumarine 523 
o-Hydroxyacetophenone 438 
o-Hydroxybenzaldehyde 425 
/>-Hydroxybenzaldehyde for the pre- 
paration of anisic aldehyde 426 

/hHydroxybenzyl mustard oil 550 
Hydroxycamphocarboxylic acid 455 
Hydroxydihydrocarvone 442 
o-Hydroxydihydrocinnamicalcoholfrom 
coumarine by reduction 522 
2- Hydroxy-4, 6-dimethylchalcone from 
phloracetophenone dimethylether 
495 

rt-Hydroxy-^/sopropyladipinic acid from 
^-phellandrene 324 
p-Hydroxy/sopronylbenzoic acid 284 
«-Hydroxy-/f-/'s 0 propylglutaric acid from 
ophellandrene 324 
Hydroxymenthylic acid 453 
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Hydroxymethylene camphor 457 
Hydroxymenthone for the preparation 
of diosphenoie 493 
Hydroxymyristinic acid 500 
Hydroxypentadecylic acid 500 
p-Hydroxyphenetol 478 
Hydroxyterpinylic acid 442 
Hygrophorus agathomus 532 

— cerasinus 532 
Hyssop oil, history 189 

I 

Ibn Chaldun 24, 138 
Ibn Kurdadbah 108 
Ulisch 188 

Imido compounds 540 
Imru-I-Kais 124 

Index of refraction (see Refraction) 

Indian hemp 281 

Indigofera gateguido* 533 

Indol 540 

Infusion 264 

Inouye 193 

Inula Hclenium 523 

Inulin 523, footnote 

Iodine absorption 569 

— addition method, Huebl's 569 
Iodoform from acetone (test) 433 
lodol, reagent for cineol 529 
lodophosphonium, reagent for octyl 

aldehyde 406 
lonone 46^ 

— DetermMtion 468 
Preparation 465 

«- and /■'-lonone 467 

«* and ^-lonone semicarbazone 468 

Ipomwa disjecta 533 

— obscura 532 

— sinuata 533 

— vitifo/ia 533 
Irene from irone 470 

- Irone 469 
/soalantolactone 524 
Isoamyl alcohol 349 
/soanethol 475 
/aoapiol 491 


/soborneof 304, 396 

— bromal 305 

— distinction from ■ rneol 3% 

— from camphor 456 
/sobornyl phenylurcthane 305, 396 
Iso butyl alcohol 349 

mustard oil 549 
/sobutyric acid 326, 498 
Awcampholie acid from borneol ii95 
/.socamphoronic acid 460 
Zsocarvoxitne 441 
Asoelemicine 488 
/soeugcnol 484 
, oxydation to vanillin 485 
Asofcnchene 307 
Awfcnchyl alcohol 307 

— phenylurethane 307 
/soheptoic acid 499 
/sohydroxycuminic acid from carvacrol 

474 

/somenthone 452 
Avomyristicine 490 
Isonandia Mott Ivy ana 532 
Isoprene 279 
Asopropylacetic acid 499 
'«-Asopropyl*y-acetyl-n-butyric acid 499 
Asopropyl-m-cresol 471 
Asopropyl-o-cresol 473 
As-opropy I- 1 -cyclohexene-2-one-4 326 
J -Asopropy Icyclohexenonefrom , /-phel- 
landrene 324, 326 
'f-A>opropylglutaric acid 324, 326 
from ,^-phelIandrene 326 
JV.sopropylhexcnone change to ter* 
pinenpl-1 382 

«-Awpropyl«*-methyladipinic acid 494 
/sopropylsuccinic acid from «-phellan- 
drene 324 
Asopulegol 386 

— formation 386 

■ — from citronella( 416 
— citronellol 368 

— identification 386 
/sopulegone 447 
/sopulegonoxime 448 
/sosafrol 486 

— from safrol 487 
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./iosafrol oxydation to heliotropin 487 
«- and f^/sosafrol 487 
toantalenes 337 • 

/sothiocyanallyl 546 
/sothiocyanpropenyl 549 
/sovaleric acid 406, 499 

— aldehyde 405 

*■ thiosemicarbazone 406 
Istachri 177 
Itinerant stills 224 
Ittner 144 
Ives 119 

) 

Janus Damascenes 24 
Japan camphor 454 
Jara-jara 495 
Jasmin extraction 258 
~ , yield of oil when extracted 251 
, yield of oil when macerated with 
fat and paraffin oil 266 
Jatropha angustidens 433, 332 
Java lemon oliv 415 
Jeancard 90, 265 
Jehanger 64 
Joannes Actuarius 138 
Johnson 323 
Johnston 156 
Jonas 494 

Jonquil extraction 258, 266 
Judams 179, 194 
J uncus 102 
odorants 38 

Juniper berry oil, history 99 

— tar oil, history 99 

— wood oil, history 99 » 

Junger 388, 453 

K 

See also under C 

Kachler 303 
KSmpfer 125, 141, 177 
t\ajoe game 402 
Kallen 523 
Kalm 95, 106, 131 
Kane 183 

f(armeliter-Geist 67 


Keir 141 
Kekule 83 
Kelbe 283 
Kemp 118 
Me. Kenzie 493 
Kerria japonica 533 
Ketolactone CmHmOa from «-terpineol 
379 

Ketomenthylic acid 453 

— from menthol 388 

Ketone C»H u O from camphene 304 
Ketones, alicyclic 439 
-■ aliphatic 433 
aromatic 438 
detection 276 
determination 581 
hydroaromatic 439 

- removal fom volatile oils 275 
Ketone musk 539 

Ketonic acid Ci 0 H Ih O t from caryo* 
phyllene 333 
higgclaria atricana 532 
Kindt 75, 79, 94 
Klages 388, 453, 474 
Klaproth 125 
Klcher 279, 280, 311, 590 
Klimont 90, 569 
Knigge 192 
Knoll 90 
Kohler 293, 539 
Korner 134, 135 
Komppa 288, 455 
Kondakow 493 
Kosmas Indikopleustes 120 
v. Kostanecki 495 
Krafft, Joh. 224 
Kraftheim, Crato von 224 
Kremel 569, 571 606 
Kremers 332, 416, 589, 594 
Kruger 436, 437, 465, 469 
Hunigundenkraut 188 
Kunkel 74, 75, 183 
Kuntze 607 
Kunzemuller 199 
Kurbatow 165 
Kurdadbah 116 
Kurrimia ceylanica 532 
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L 

Labillardiire 166, 167 
Lactones 520 
Ladanum oil, history 160 
Ladenburg flask 566 
Lafont 303, 515, 516 
Lallemand 190 
Lamarkia aurea 532 
Landolphia Watsonii 505 
Lange 134, 

Langles 139 
Lard for pomades 260 
Lapis phiiosophorum 23, 62, 202 
Laserpitium 176 
Lasia acuieata 532 
Zollingcri 532 
Lastrea 532 
Lathyris odorata 543 
Laurent 81 
Laurie acid 407, 499 
— aldehyde 407 
Laurocerasin 421, 534 
Laurus camphor 454 
Lauwerenburg 76 
Lavender oil, history 183 
— of distillation 220 
Lavoisier 76 

Lebanon-ceder oil, history 101 
Ledum camphor 402 
Lees 351 

Leeson 82, footnote 
Lehmann 602 
Leiocarpus arboreus 505 
Lemery 65 

Lemon oil, octylene content 278 

Lemonol 357 

Lepeschkin 339 

Ltpidium sativum 532, 535 

Leroide 461 

Lescarbot 98 

Leuckart 389 

Levallois 569 

Levuiinic acid from citral 412 

geraniol 360 

linalool 355 

methylheptenone 437 

Lewis 72, 187 ‘ 


Liatris odoratissima 521 

— spicata 521 

Liber de desti/iatione 56 
de materia medica 203 
-• de vinis 56 
Licareol 352 
Liebig 78* 144, 

Lignaloes oil, history 157 
Lignum aquilse 151, footnote 
pavanum, floridum, Xylomarathurm 
130 

Lilly of the valley, extraction 258 
- maceration 266 
Lime test (for chlorine) 609 
Limonene 308 

- identification 310 
monochlorhydrate 309 
monoxyde 52b 

- nitrolaniline 310 
nitrolbenzylamine 310 
nitrolpiperidine 310 

- nitrosate 310 
nitrosochloridcs 310 
occurrence 308 
preparation 308 

- properties 309 

- tetrabromide 310 
Linalool 352 

behavior when acetylized 577 
constants 353 
constitution 355 

- conversion into geraniol 358 
— terpineol 376 
identification 356 

mono- and dioxyde 526 

- occurrence 352 
oxydation 355 

to citral '455 

- reduction 355 

- thiozonide 355 
Linaloolene '155 
Linalyl acetate 509 
thiozonide 355 

- chloride 359 

esters preparation 356 
- naphthyl urethane 356 
phenylurethane 356 
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Linamarin 534 
Lindera Benzoin 504 
Lindsaya cult rata 521 
Linebarger 536 
Link, j. H. 74, 166 

- H. C. 170 
Lin uni perenne 433, 532 

usitatissimum 433, 532 
Liphard 151 
Lippich 560 

Liquor antarttiritnus Bottii 94 
List 80 
Lobetius 104 
Lochner 166 
Lodovico Harthema 123 
Lowig 171 

Long pepper oil, history 116 
Lonicer 44, 128, 164, 173, 206, 213, 217 
Lotus arahicus 532 

— australis 532 
Lotusin 534 

Lovage oil, history 175 
de Luca 135 
Lucas 144 

Lucutna Bonplandia 533 
mammosa 533 
pomifvra 533 
Ludovici 128 
Ludwig 134 
Ludersdorff 96 
Lullus 35, 182 
Lunge 281 
Lyford 587 

M 

Maba 505 • 

Mace oil, history 122 
Macer Horidus 100 
Maceration 264 

application of method 245 
Macintosh 96 
Macquer 75 
MShl 146 
Magellan 163 
Magisterium magnum 31 
Magnolia tuscuta 507 
Maier 89 


Mammoth fir 281 

Mangifera 505 

Manihot Bankensis 433, 532 

— ( jfaziovii 433, 532 

— palmata 433, 532 
utilissima 433, 532 

Manihotoxin 534 
Manjeau 157 
Mann 540 

Mannich 452 f 

Manned 139 
Marasmius oreades 532 
Marcellos Empiricus 172 
Marco Folo 108, 110, 114, 120, 124 
Marcus Aurelius 179 
Gra;cus 29 

Margueron 76, 94, 199 
Markownikoff 364 
Marsdenia tenacissuna 505 
Marsh 304 
Martins 105, 113 
Massignon 249, 252 
Masson 351 
Mastic oil, history 158 
Masudi 112, 116, 120 
Matico camphor 403 
Matthcus 109 

Matthiolus 44, 98, 136, 218 
Maud 130 

Maumene's test with sulphuric acid 570 
Mayer 359 
Me. Kenzie 494 
Megusa 193 
Meissner 122, 178 
Melica altissima 532 
ciliata 532 

— nutans 532 
uniflora 532 

Melilotate of coumarin 521 
Melilotic acid 
Melilotus alba 521 
altissima 521 
hamatus 521 
leucantha 521 
officinalis 521 
Melisoma pend u la 505 
Melissa oil 188 
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Me/odinus Ixvigatus 505 

— orienta/is 505 
Memecylon 505. 533 
Du Menit 128 
Mentha aquatica IQ I 

— balsam ica 191 
crispa 191 

— Menthastmm 191 

- piperita, history 191 
rubra 191 
sarracenica 191 
Mentha oils, history 190 
,1 ;i -p-Mcnthene from menthol 388 
3‘-Menthenone from terpineol-1 382 
Menthol 387 
constants 388 
identification 389 

— occurrence 387 
preparation 387 
separation from menthene 389 

Menthone 450 
determination 590 

— from menthol 388 
separation from menthol 389 

Menthone isoxime 453 
Menthoximc 306, 452 
Menthyl acetate 519 

— benzoate 389 

— /sovalerate 520 

— phenylurethane 389 
Mercaptane in Allium ursinuni 546 
Mercuric acetate, action on anethol 477 
Mervurium wgetahi/c 31 

Merling 470 
Merremia vitifolia 532 
Messinger 594 
Mesue 24, 99, 139 

Metalcontent of volatile oils, early ob- 
servations 223 
Metastyrene 282 
Methacrylic acid 500 
4-Methoethylphenol-2-methylic acid-1 
474 

p-Methoxybenzaldehydc 426 
p-Methoxybenzoic acid 501 
o-Methoxycinnamic aldehyde 427 
p- - 427 


p-Methoxycinnamic acid 501 
P-Methoxyphenylacetic acid 476 
p-Methoxyphenylacetone 438 
p-Methoxyphenylglyoxylic acid 477 
^•Methyladipinic acid 453 
■ from citronellal 419 
citronellol 367 
menthol 388 
menthone 453 
pulegonc 447 

Methylethylacetic acid 499 
,V-Methylethylpropyl alcohol 349 
Methyl alcohol 348 

- -//-amylcarbinol 350 
-//-amylketone 334 

anthranilic acid methyl ester 545 
benzoate 503 
chavicol 475 
chloride as solvent 248 
cinnamate 503 
-p-coumaric acid 501 
^-Methylcoumaric acid from o-Methoxy- 
cinnamic aldehyde 428 
1,3-Methylcyclohexanone 444 
Methyleugenol 483 
Methylheptenol 360 

from methylheptenone 437 
Methylheptenone 436 

from citral when boiled with po- 
tassium carbonate solution 410 
- by oxydation 410 
identification 437 
separation from citronellal 438 
Methyl-n-heptylcarbinol 351 
Methyl-n-heptylketone 434 
//-Methyl indo I 542 
Methyl /soeugenol 485 
from methyleugenol 484 
«*MethyM-naphthocinchoninic acid 412 
Mcthyl-//-nonylcarbinol 351 

— -/Mionylketone 434 

- number 598 

numbers ot various oils 599 

— salicylate 504 
salicylic acid 428 

Meudon 100 
Meydenberger 57 
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Meyer 161 
Michael VIII. 138 
Michaux 95 
Mierzinski 89 
Mignonette, extraction 258 
Mignonette, yield of oil when extracted 
251 

Milium cffusum 521 

Miller 515 
Mitlon 247 

Mineral oils, detection in volatile oils 
614 

Mirande 534 
Mirban oil 535 

Mischocarpus fuscescens 505 
Modecca Wightiana 532 
Mfislinger 531 
Mohammed Achcm 139 
Mohr 537, 559 

Mohrenkopf, origin of name 207 
Molecular refraction 563 
Molle 529 
Monardes 130, 136 
Monk 145 

Monoanetholdibromide 477 
Monobrom/soeugenoldibromide 485 
Monobrommethylchavicoldibromide476 
Monotropa Hypopithys 505 
Monteil 389 
More 316 

Morinda citrifolia 497 
Moringa pterygospernui 362 
Mosler 569 

Mousse de chine 246 
Mucuma gigantea 505 
Muller 328, 513 
von Muller, Ferdinand 167 
. Muriatic acid added during distillation 
222 

Murray 133, 143 
Murraya exotica 541 
Muse Haur 538 
Muscone 537 
Musk, artificial 537 
Mussxnda frondosa 506 
officinalis 506 
— rufinervia 506 


Musschenbroeck 130 
' Mustard oil 546 

— determination gravimetric 608 
thiosinamine method 605 

— titrimetric method 606 
history 132 

artificial preparation 547 
Myntza major 191 
Myrcene 279 
■ Myrcenol 280 
Myristica intermedia 504 ' 

Myristicin 489 
Myristicinic aldehyde 489 

— acid 489 
Myristinic acid 499 
Myronate of potassium 547 
Myrosin 547 

history 134 

Myrrh oil, history 152 
Myrtenal from myrtenol 392 
Myrtenol 391 

N 

Nigel i 457 

Nandina domestica 433, 532 
N. ania vera 505 
Naphthalene 281 
,^-Naphtholether 495 
, Narde 102 

| Nardostachys Jatamansi oil, history 195 
Hard us celtica 184 footnote, 195 

— indica 184 footnote, 194, 195 
; — italica 184 footnote, 

syrica 195 
Naschold 364, 512 
Nasini 472 

A 'auc/ea fagifo/ia 505 

— polycephaia 505 
Naudin 176, 248 
Naval stores 94 
Nerd 195 

Nerol 362 

— constants 362 

■ occurrence 362 

— oxydation to citral 363 

— synthesis 362 
Nerolidol 399 



Nerolin “old” and “new” 495 
Nero! tetrabromide 363 
Neryl diphenyturethane 363 
Neumann 71,74, 104, 107, 111, 113, 116, 
117, 122, 124, 129, 130, 146, 154, 
157, 164, 178, 190 
Neviusia afabamensis 533 
New gross Destillirbuch 44 
Ngai-camphor 392 
Ngai-f&n 392 
Niccolo Cdnti 110 
Nigrite/la angusti folia 521 

— suaveolens 428 
Niobe oil 503 
Nitriles 531 
Nitrobenzene 535 

— poisonous properties 537 
Nitrocompounds 535 
Nitro-«*phellandrene 325 

— ^-phellandrene 325 
p-Nitrophenylhydrazine reagent for bu- 
tyric aldehyde 405 

Nitroprusside of sodium as reagent for 
acetaldehyde 405 
Nitrosocarvacrol 474 
Nitrosopinene 497 
Nonus Theophanes 138 
n-Nonyl alcohol 350 
Nonylic aldehyde 350, 406 

oxydation to pelargonic acid 407 
sec. Nonyl alcohol 351 
Nopinic acid 299 
Nopinone 300 
-T-Norborneol 289 
Norbomylchloride 289 
Norcamphene 289 
Nor/sobornylchloride 289 
Nuces muscatarum 123 
Nuscheler 53 
Nutmeg oil, history 122 
Nuttallia cerasiformis 533 
Nyctocalos brunsfelsiaef fonts 505 

0 

Occo 60, 93, 187 
Ocimene 280 
Ocimenol 280 


Ocosotl 136 
’| Octyl alcohol 350 

— aldehyde 406 
Octylene 278 

— alcohol 351 

Odor test 555, footnote 
Odorifeous principles, preparation from 
flowers 243 
Oerstidt 116 
Oescr 135 

Oils, distilled, in use etc 61 

fatty, capacity to absorb floral per- 
fumes 258 

Oka destillata usitatoria 140 
Olefinic alcohols 351 

— aldehydes 407 
hydrocarbons 278 

— Ketones 436 
sesquiterpenes 281 

— tcrpenes 279 
Oleic acid 

— - for increasing the ester content 615 
Oleum cedrinum 101 

— laurinum 131 

| - Levistici 176 

j - iigni Sassafras 130 
i Ligustid 176 
mirabile 30 

— rad ids helenii 196 
rosarum verum 140 

— SchaqueriHae 158 
thuris 156 
Wittnebianum 166 

Opbiocaulon gummifer 532 
Oppenheim 83 
Optical rotation 560 
Orange flower oil 152 

— flowers, yield of oil when extracted 

251 

- maceration 266 

— group 84 
Orchid6e 
Orchis fusca 509 

— mi/itaris 521 
! Orsini 152 

! O’Shaughnessy 160 
, Osmohydrophora noctuma 532 
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Osteomeles 533 

Ostrich as symbol for a retort 204 
Ostwatd 557 
Ovid 146 

Oxalic acid from geraniol 360 
dimenthylester 389 
Oxbladder as cooler 210 
Oxides 525 

Oxonides of pinenc 295 

P 

Pabitzky 170 
Palladia 142, 172 

Palmarosa oil, adulteration with cocoa 
nut oil 614 
Palmitic acid 499 
Pangium cerumens e 532 
cdule 532 

Panicutn maximum 533 

- muticum 533 

Pan de aquiia 151, footnote 
Paracelsus 28, 57 
Paradise grain oil, history 113 
Paraffin oil as solvent 264 
Parc, Ambroise 224 
Parinarium 504 
Parry 89 

Parsley camphor 171 
seed oil 170 

Passiflora i data 433, 532 

— avmfea 433, 532 
edulis 433, 532 

- hetida 433, 532 
hybrida 433, 532 
iaurifo/ia 433, 532 

-- maculata 433, 532 « 

— princeps 433, 532 
quadrunguiaris 433, 532 
itubemsa 433, 532 

Passy 246 

Patchouli alcohol 402 

- camphor 402 
Paulli 198 

Paulus /Cginetas 162 
Pa\ame 129 

Pavetta angustifolia 505 

— arborea 505 


Pavetta barbata 505 

- grandifiora 505 

— var. aurantiaca 505 
var. futea 505 

-- littorva 505 
longiflora 505 
longipes 505 

- pahtdosa 505 
rosea 505 

Payen 119 

Payena latifulia 532 * 

Pebriers 115 
Peetz 229 

Pegolotti 108, 110, 112 
Pelargonic acid 350 

- from nonylic aldehyde 407 
Pelargonium oil, history 145 
Pelican as symbol for a retort 204 
Peligot 78, 128 

Pelletier 116, 154 
Peloii7e 78, 134 

Pennyroyal oil, history of European 193 
Paper Mint 192 
Pepper oil, history 113 
Pepperers 115 
Peppermint camphor 387 
oil, history 191 
Percival 172 
Pereira 82 

Perfumes, production of flower 243 
Pcriplus 114 

Peristrophe angustifolia 521 
Perkin 288, 425, 472, 508, 521 
Persians, art of distillation 16 
Persoz 81, 198 

Petroleum, detection in volatile oils 614 
ether as solvent 248, 249 

— purification 249 
Petunga variabilis 506 
Pfruend 58 

Pharmacopwa Augustana 132, 151, 159, 
161, 173, 178, 187 

- medica physica 130, 132 
Phaseolunatin 534 
Phaseohis iunatus 433, 532 

- Mungo 433, 532 
Phellandral 432 
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Phellandrene 322 

— constants 324 
identification 325 

— nitrite 325 
occurrence 322 

— preparation 323 
//-Phellandrene identification 325 
Phenol determination 590 

— according to Hesse 594 

Schryver 592 

— Verley and Bolsing 593 
carbonic acids, determination 594 
ether 470 
Phenols 470 

removal from volatile oils 275 
Phenyl acetaldehyde 423 

— assay 584 

— from phenylethyl alcohol 371 
determination 584 

preparation 423 

Phenylacetic acid 501 

— - from phenyl acetaldehyde 423 

phenylethyl alcohol 371 
Phenylaceto nitrile 535 
Phenyl-«-bromlactio add 423 
/■-Phenylbiityric acid 530 
PhenyU-chlorlactic acid 423 
Phenylethyl alcohol 370 

— mustard oil 550 
Phenyl- l-«-furyl*3-allene 530 
Phenyl propionic acid nitrile 535 
Phenylpropyl alcohol 372 

■ — from cinnamic alcohol 373 

identification 373 

— occurrence 372 
Philadelphus Conmrius 543 
Philiatrus 55 

Philipp M2 

Phloracetophenone dimethylether 494 
Pholiota radicosa 532 
Phosphoric acid anhydride, action on 
geraniol 359 

— method for the determination of 
cineol 601 

Phosphorus trichloride, action on gera- 
niol 365 

Photinia arhutifoiia 533 


j Photinia Benthamiana 533 
! serrata 504 
i serrulate 533 

- variabilis 533 
Photoanethol 478 

Phthalic acid dimenthylester 389 

- — monomenthylester 389 
Phu 193, 194, 195 
Phy/lanthus zeylanicus 505 
Physical constants, determination 556 
Piccard 335 

Pierardia dukis 505 
Piesse 89 
Pigafetta 123, 163 
Pilet 89 

//-Pimelic acid 453 
Pinene conversion into bomeol 393 
«-Pinene 290 
identification 296 
occurrence 290 
properties 294 
//-Pinene 298 
identification 300 

- occurrence 298 

- properties 299 

Pinene chlorhydrate socalled 295 
monochlorhydrate 295 
nitrolben/ylamine 297 

- nitrolpiperidine 297 
nitrosochloride, yield 297 

- preparation 296 

- oxyde 526 
ozonidc 295 

Pinocarveol 390 
identification 391 
Pinol 294,296, 525 
c/s-Pinolglycol-2-chlorhydrine 525 
Pinolhydrate 294 
Pinonic acid 295 

— preparation 297 
Pinus Jeffreyi 277 

- Sabiniana 277 

Pinylamine acetate change to pinocar- 
vcol 391 
Piperarii 115 

Piperin as starting point in the manu* 
facture of heliotropin 430 
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Piperonal 429, 486, 487 

Piperonyl alcohol from heliotropin 430 

Piperonylic acid 486 

from heliotropin 430 

Pirus see Pyrus 
Pistacia Terebinthus 92 
Pittosporum resiniferum 277 
Piver 148, 264 

Plant wax, removal from concrete oils 
251 

Platearius 109, 142, 177, 182 
Platinumblack as reducing agent 359 
Plautus 122 
Plcctronia dicocca 533 
Pleissner 444 

Pliny 19, 37, 98, 100, 101, 111, 113, 122, 
133, 142, 146, 155, 172, 177, 179, 
184, 189, 193, 196, 202 
Plowman 394 
Plutarch 107, 111, 155 
Pneumatic method for the extraction of 
flowers 264 
Poa pratensis 532 
Podocarpus chinensis 504 
Nageia 504 
Poivre 163 

Polarisation and composition of volatile 
oils 273 
Polier 141 

Polygala Baldwitii 505 
calcarea 505 
javana 505 

— oleifera 505 

— Senega 505 

■ — var. latifo/ia 505 

— serpyllacea 505 
variabilis 505 
vulgaris 505 

Polyphragmon 506 
Polysulphides in volatile oils 546 
Polyterebene 82 
Polyzonium rosalbum 454 
Pomade 260 
Pomeranz 549 
Pomet 161 

Pommade fran^aise 260 
Ponce de Leon 129 


Pond 89 

Porta 44, 56, 93,113,115, 123,128.133, 
136, 140, 150, 152, 161, 164, 168? 
173, 175, 183, 186, 197, 199, 229 
Posth 523 

Potassium bisulphate, action on geraniol 
359 

— methyl salicylate 507 
Powder, smokeless 455 

Power 279, 280, 311, 351, 490, 590 
Priestley 76 8 

Prileschajew 525 

Primary alcohols, preparation 347 
Primulaverine 506 
Primverase 506 
Primverine 506 
Procter 118, 137, 181 
/>Propenylanisol 476 
4-Propenyl-l, 2, 5-trimethoxybenzene487 
4-Propenyl- 1 , 2, 6-trimethoxybenzene 489 
Propionic acid 498 
m-Propylphenol from safrol 486 
Protocatechuic aldehyde methyl ether 
428 

methylene ether 429 
Proust 183, 187 
Prulaurasin 421, 534 
Prunus adenopoda 533 

— alleghaniensis 533 
americana 533 

— Amygdalus 533 
Armeniaca 533 
avium 533 

- Besseyi 533 
Capo/lin 533 
carol liniana 533 
Cerasus 533 
Cbamscerasus 533 
divaricata 533 

— domestica 533 
javanica 533 
Laurocerasus 533 
lusitanica 533 
Mahaleb 521 

- nana 533 
occidental is 533 

— Padus 533 
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Primus paniculata 533 I Q 


— pendula 533 

— Pennsylvania 533 
* Persia 533 

— Puddum 533 

— serotina 533 

— sphaerocarpa 533 
spinosa 533 

— subhirtella 533 
undulata 533 

— virgimana 533 
Pseudo ionone 412, 465 
Psidium montanum 532 
Psychotria celastroides 506 

— robusta 506 

— undata 506 
Pteris aquilina 533 
Pulegenic acid 445 
Pulegol 445 
Pulegone 443 

— determination 589 

— dioxime 446 

— oxaminoxime 446 

— reduction to menthol 387, 445 
Pulfrich 562 

Pygeum africanum 533 

— latifolium 533 

— parviflurum 533 
Pycnometer 557 
Pyretbrum caucasium 532 
Pyridine for the preparation of esters 

360 

Pyromucic acid from furfurol 431 
Pyrus americana 533 

— Aria 533 

— Aucuparia 533 

— communis 426 

— Cydonia 533 

— germanica 533 

— japonica 533 

— Mafus 533 

— Mespilus 533 

— pinnatifida 533 

— Ringo 533 

— spectabilis 533 
— ’ tormina! is 533 


Quercus bancana 504 

— glandulifera 504 

— junghuhnii 504 

— pseudomoluccana 504 

— spicata 504 

1 — Teysmannii 504 
I Quinta essentia 43, 63, 202 
| Quintessence 28 
Quintessences 251 

R 

, Radziszewski 423 
. Ralla 58 
| Ramel 167 
, Randia densif/ora 506 

— dunietorum 506 
j - uliginosa 506 

Ranunculus arvensis 532 

— repens 533 
Rauwolfia spectabilis 505 
Ray 192 

Raymundus Lullus 31, 33 
Recluz 145 
Redi 121 
Reformatsky 364 
Reformirte Apothek 48 
Refraction and the composition of vola- 
tile oils 273 

— constant 561 

— index of 561 

| — molecular 563 
j — specific 562 
| Reiche 161^ 

| Reinder 144 
; Reiff see Ryff 
| Reimer 425 
I Rem(m)ler 151 

I Removal of plant wax from concrete 
oils 250 

Resina elemnia 156 
Resorcinol method for the determination 
of cineol 601 
Rluniol 364 
j Reymann 122 
i Rhamnus frangufa 532 
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Rhases 205 
Rhazes 108 

van Rheede tot Draakenstein 102, 104, ! 

Ill, 112, 115 ' 

Rhodian cups 101 
Rhodinal 418 
Rhodinol 357, 363, 364 
Rhodotypos kerrioides 533 
Ribes aureum 532 
rubrum 532 
Ricinus communis 532 
Rigand 1 22 

Hob de Laffecteui 181, footnote 
Robillard 145 

Robinia Pseudo- Acacia 543 
Robiquet 79, 134, 144, 247 
Rochlcder 84, 188 
Roeder 416, 448, 450 
Rojahn 329 

Roman chamomile oil, history 196 
Romans, art of distillation 19 
van Romburgh 280 
ROmische Myntza 191 
Ronsch 122 

Rose of Jericho 137, footnote 
maceration 266 

- oil, history 16, 137 

- stearoptene 278 

- yield of oil when extracted 251 
Rosen hut, history 210 

Roseol 364 

Roshanowitsch 309 

Rosmary oil, history 182 

Rossi 45 

Rossmyntza 191 

Rotation, optical 560 

Rother 582 

Rottfera dispar 505 

Rouelle 71, 75 

Roure 248 

Roxburg 103, 160 

Rubeus 45, 161, 173, 178 

Rubus sundaicus 505 

Ruellius 50 

Rue oil, history 146 

Rumpf see Rumphius 

Rumphius 102, 108, 113, 120, 165 


Runne 604 
Ruotte 130 
Rus 64 

Russula fastens 532 
Rut a graveolens 521 
Ryff 44, 57, 93, 106, 123, 136, 154, 
159, 160, 164, 173, 179, 183, 185, 
206, 211 

Ryparosa cassia 532 
longipedunculata 532 

« 

s 

Sabatier 358, 471 
Sabina, derivation of name 100 
Sabinaketone 301 
Sabinene 300 

— change to terpinenol-4 383 

— glycol 301 

- hydrate 383 

— identification 301 
Sabinic acid 301 
Sabinol 390 

— glycerol 390 
Sadtler 584, 585 
Safran 106 
Safrol 485 

Safron oil, history 105 
Sage camphor 188 

Saladinus of £sculo 33, 93, 115, 120, 
121, 139, 143, 146, 183, 185, 197 
Salicylic acid 501 
- amylester 509 

— ' ethyl ester 508 

— - for increasing the ester content 

613 

— from salicylic aldehyde by oxi- 
dation 425 

methylester 504 

Salicylic aldehyde 425 
oxidation 426 
- - reduction 426 

Saligenine, oxidation to salicylic alde- 
hyde 425 

Saiikounda-bem 521 
Salix amygdalina 532 
triandra 532 



Salome 111. 109 

Salomonis-Apotheke (Leipzig) 58 
Salts added during distillation 222 
Salway 490 
Sambucus nigra 533 
Sambunigrin 421, 534 
Sancto Amando 33, 143 
Sand bath, history 206 
Sandalwood oil, history 18, 1 11* 

Santal camphor 401 
Santalal 4(fl 

— occurrence 401 
Santalene 336 
«-Santalene properties 336 
«- and /^-Santalene, derivatives 336 
Santaloles, «- and ft- 400 

- properties 400 
Santene 28 9 

— glycol 290 

— nitrosochloride 289 
Santenol 289 
Santo Amando 93 
Saponification 570 

— value 571 

Sarcocepha/us subditus 506 
Sartorius 122 
Sassafras oil, history 129 
Satie 90, 

Saussure 173, 183, 187 
Savin oil, history 100 
Sawer 89 
Schaub 144, 145 
Scheele 76, 143 
Scbeuchzeria palustris 532 
Schimmel 5 Co. 98, 118 125, 182,306, 
308, 318, 319, 328, 330, 334, 338, 

353, 358, 365, 367, 371, 372, 373, 

374, 377, 381, 385, 400, 406, 409, 

416, 417, 421, 423, 424, 426, 437, 

440, 445, 449, 451, 467, 468, 469, 

470, 472, 474, 476, 482, 483, 503, 

506, 508, 509, 510, 511, 512, 513, 

514, 516, 517, 518, 519, 522, 528, 

531, 540, 545, 547, 563, 566, 578, 

579, 581, 582, 586, 588, 591, 601 

Schindelmeiser 339 
Scbieicheria trijuga 533 
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Schmidt 329, 340, 364, 365, 366, 415, 
417, 418, 448, 468, 512 
Schmidt, E. 135 
Schnedermann 105 
Schnell 495 
Schbnos 102 
Schonus oil, history 16 
Schopf 95, 104, 106, 131 
Scholtz 421 
Schrader 79, 144, 145 
Schreiner 89, 325, 329, 332, 560, 589, 594 
Schroder 130, 132, 144 
Schryver 592 
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- dihydrobromide 319 
dihydrochloride 319 
dihydriodide 319 
from geraniol 359 

j - pheflandrene 324 
identification 320 
j — nitrolbenzylamine 320 
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